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A B S T R A C T  
A d e t a i l e d  and c r i t i c a l  examinat ion  of  c o n c e i v a b l e  h a z a r d s  of  
t h e  I n - T a n k - S o l i d i f i c a t i o n  (ITS) was te  s t o r a g e  concept  r e v e a l s  no 
ev idence  t o  i n d i c a t e  t h a t  t h e  concept  i s  unsound. No n a t u r a l  
h a z a r d s  l e a d i n g  t o  t h e  development of u n s a f e  c o n d i t i o n s  were 
d i s c o v e r e d .  A n t i c i p a t e d  u s e s  o f  t h e  nearby l and  w i l l  n o t  
j e o p a r d i z e  t h e  m u l t i c e n t u r y  i s o l a t i o n  of t h e  waste  s t o r e d  by t h e  
ITS concep t .  R a d i o l o g i c a l  s a f e t y  c o n s i d e r a t i o n s  i n d i c a t e  t h e  ITS 
s t o r a g e  concept  t o  b e  s a f e  and t o  o f f e r  improved l o n g - t e r m  w a s t e  





Tank integrity and R a d i o l y t i c  Gases  
Maximum S a l t  Cake Tempera ture  
S e i s m i c i t y  
C ~ l u m b i a  R i v e r  Damming . 
I r r i g a t i ~ ~ n  
Weather . 
Nuclea r  Weapons Consequences . 
A i r c r a f t  A c c i d e n t s  
V e g e t a t i c n  C o n t a x i n a t i o n  
F loods  
Wind E r o s i o n  . 
R e t r i e v a l  o f  S t o r e d  Wastes . 
CONCLUSIONS 
BASIC CONDITIONS AND ASSUMPTIONS 
INHER.ENT STABILITY AND C R I T I C A L  MB.SS 
EXTERNAL FACTORS 
Weather . 
Wind E r o s i o n  
Water E f f e c t s  
F l a s h  F l o o i s  
Major R i v e r  F loods  
E a r t h  S t a b i l i t y  
S e i s m i c  Even t s  
E a r t h  S l i d e s  
Ground Water . 
Ben F r a n k l i n  Dam . 
I r r i g a t i o n  . 
E x t e r n a l  E x p l o s i o n s  
Impact  Crashes  . 
N u c l e a r  Weapon 1m.pact . 






L I S T  CF T A B L E S  
1 Radionuclide Contents of a Salt Cake in a 
Single Tank 
2 Maximum Radionuclide Inventory of a Major Tank Farm 13 
3  Anticipated Maximum Extent of Control Acticn Required. 
from a 3 MT Weapon 39 
A-1 Radionuclide Concentrations A. 2 
A- 2 Radionucl.ides Dispersed A. 2 
A-3 Radionuclide Release Rate 
A-4 Ground Level Air Concentrations 
A-5 Radionuclide Deposition by Inhalation (at 1.10 miles) A.4 
A-6 Ground Cepcsition Activity Levels A.4 
A-7 Activity Level and Corresponding Action A. 5 
A-8 Distance Requiring Contrclled Use of Land A.6 
A-9 External Exposure Rate from Airborne Cloud of 1 3 7 ~ s  A.7 
A-10 Exposure Rate from Ground Deposited 137cs A. 7 
B-1 Radionuclide Inventory in. Curies for Early Fallout. B.l 
B-2 Assumed Activity Level and Corresponding Fossible 
Actions Under War Time Conditions B. 3 
B- 3 lZ7cs Control Action Ccntours, 300 kT Weapon B.5 
B- 4 9 0 ~ r  Control Action Contours, 300  kT Weapon 
B- 5 1 3 7 ~ s  Control Action Contours, 3  MT Weapon 
B- 6 Contrcl Action Contours, 3 MT Weapon 
B-7 Dose Rate-Time Relationships B. 7 
A  P R E L I M I N A R Y  S A F E T Y  A N A L Y S I S  
O F  N E A R  S U R F A C E  S T O R A G E  
O F  R A D I O A C T I V E  W A S T E  
A S  S A L T  C A K E  
C .  M .  Unruh 
I N T R O D U C T I O N  
The I n - T a n k - S o l i d i f i c a t i o n  (ITS) Program was developed 
a s  a  method t o  i n c r e a s e  t h e  s a f e t y  of s t o r a g e  of r a d i o a c t i v e  
was tes  by immobi l iz ing  t h e  r a d i o a c t i v e  f i s s i o n  p r o d u c t s .  I t  
p r o v i d e s  f o r  long- te rm s t o r a g e  (many c e n t u r i e s )  of Hanford 
r a d i o a c t i v e  waste  w i t h  s a f e t y  and a  minimum of a t t e n t i o n .  
S i n c e  t h e  s t a r t  of  r ad iochemica l  p r o c e s s i n g  a t  Hanford 
i n  1944, t h e  h igh  l e v e l  r a d i o a c t i v e  was tes  have been accumu- 
l a t e d  and s t o r e d  a s  a l k a l i n e  s l u r r i e s  i n  underground s t e e l -  
l i n e d  c o n c r e t e  t a n k s  n e a r  t h e  chemical  p r o c e s s i n g  p l a n t s .  
The was tes  a r e  p r i n c i p a l l y  c o n c e n t r a t e d  s o l u t i o n s  of sodium 
n i t r a t e  and sodium n i t r i t e ,  a l though  a  h o s t  of o t h e r  s a l t s  
a r e  p r e s e n t  i n  l e s s e r  q u a n t i t i e s .  When t h e  wastes  were made 
a l k a l i n e  f o r  s t o r a g e ,  some of t h e  i n s o l u b l e  s a l t s  and hydrous 
m e t a l  ox ides  p r e c i p i t a t e d  and s e t t l e d  t o  t h e  bottom of t h e  
t a n k s  a s  a  k ind  of mud o r  s l u d g e .  
O f  p r i n c i p a l  concern  i s  t h e  s a f e  confinement  of t h e  f i s -  
s i o n  p r o d u c t s  and t r a n s u r a n i c  e l ements  formed i n  t h e  n u c l e a r  
r e a c t o r s .  Some of  t h e  r a d i o n u c l i d e s  a r e  chemica l ly  i d e n t i c a l  
o r  s i m i l a r  t o  e lements  t h a t  have key r o l e s  i n  l i f e  p r o c e s s e s .  
For example, cesium, l i k e  sodium, w i l l  be d i s t r i b u t e d  i n  many 
body t i s s u e s ,  w h i l e  s t r o n t i u m ,  l i k e  ca lc ium,  w i l l  be concen- 
t r a t e d  i n  bones .  The a d d i t i o n  o r  t h e  s u b s t i t u t i o n  of r a d i o -  
a c t i v e  m a t e r i a l s  cou ld  damage l i f e  forms through exposure  t o  
i o n i z i n g  r a d i a t i o n .  The f i s s i o n  p r o d u c t s  of p r i n c i p a l  con- 
c e r n ,  1 3 7 ~ s  and 9 0 ~ r ,  have h a l f - l i v e s  of about  30 y e a r s  and 
r e q u i r e  c o n t r o l l e d  s t o r a g e  f o r  a  p e r i o d  of  s e v e r a l  c e n t u r i e s .  
The t r a n s u r a n i c  e l e m e n t s  have  h a l f - l i v e s  r a n g i n g  up t o  t h o u -  
s a n d s  o f  y e a r s  and r e q u i r e  c o n t r o l l e d  s t o r a g e  f o r  hundreds  o f  
c e n t u r i e s .  I t  i s  t h e r e f o r e  e s s e n t i a l  t h a t  t h e s e  s t o r e d  r a d i o -  
a c t i v e  w a s t e s  b e  i s o l a t e d  from t h e  b i o s p h e r e  o v e r  a l o n g  t i m e  
s p a n .  S i n c e  t h e  s t e e l - l i n e d  c o n c r e t e  t a n k s  have  a  f i n i t e  l i f e  
( p e r h a p s  a n  a v e r a g e  l i f e  o f  2 0  t o  40 y e a r s )  and t h e  r a d i o -  
c h e m i c a l  l i q u i d  w a s t e s  a r e  m o b i l e ,  i t  would be  p r u d e n t  t o  
r e d u c e  t h e i r  m o b i l i t y .  T h e r e f o r e ,  t h e  ITS program i s  c u r -  
r e n t l y  i n  o p e r a t i o n  t o  e v a p o r a t e  enough w a t e r  from t h e  w a s t e s  
t o  c a u s e  t h e  c o n t a m i n a t e d  s a l t s  t o  form m a s s i v e  r a d i o n u c l i d e -  
l a d e n  s a l t  c a k e s  i n  e x i s t i n g  unde rg round  t a n k s .  
About t h r e e - q u a r t e r s  o f  t h e  c o n t a m i n a t e d  w a s t e s  c a n  be  
e v a p o r a t e d  d i r e c t l y  t o  form s a l t  c a k e s .  The r e m a i n i n g  one-  
q u a r t e r  o f  t h e  s t o r e d  w a s t e s  c o n t a i n  t o o  h i g h  a  c o n c e n t r a t i o n  
o f  f i s s i o n  p r o d u c t s  t o  b e  t r e a t e d  i n  t h i s  manner.  The e n e r g y  
l i b e r a t e d  by t h e  r a d i o a c t i v e  d e c a y  p r o c e s s  c a u s e s  t h e s e  
" h i g h - h e a t "  w a s t e s  t o  s e l f - b o i l  i n  t h e  unde rg round  t a n k s  f o r  
a few y e a r s .  Only a f t e r  a  c e n t u r y  o f  decay  w i l l  t h e  r a t e  o f  
e n e r g y  r e l e a s e  by t h e  l o n g - l i v e d  f i s s i o n  p r o d u c t s  b e  s u f f i -  
c i e n t l y  low t o  a l l o w  t h e  h e a t  t o  b e  d i s s i p a t e d  by n a t u r a l  con-  
d u c t i o n .  Most o f  t h e s e  h i g h - h e a t  w a s t e s  w i l l  be  f r a c t i o n i z e d  
i n  t h e  B - P l a n t  p r o c e s s i n g  complex t o  remove 70 t o  90% o f  t h e  - 
1 3 7 ~ s  and  'OSr, t h e  p r i n c i p a l  h e a t - g e n e r a t i n g  f i s s i o n  p r o d -  
u c t s .  The s e p a r a t e d  1 3 7 ~ s  and 'OSr w i l l  b e  e n c a p s u l a t e d  and 
s t o r e d  i n  w a t e r - c o o l e d  b a s i n s  u n t i l  f i n a l  d i s p o s i t i o n  i s  
d e t e r m i n e d .  The r e s i d u a l  s a l t  w a s t e s  w i l l  be  e v a p o r a t e d  t o  
s a l t  c a k e s  a f t e r  t h e  s h o r t - l i v e d  n u c l i d e s  have  decayed  s u f f i -  
c i e n t l y  t o  p e r m i t  t h e  g e n e r a t e d  h e a t  t o  be  d i s s i p a t e d  s a f e l y .  
I t  i s  a n t i c i p a t e d  t h a t  t h e  (ITS) program w i l l  have  s o l i d i f i e d  
t h e  b a c k l o g  o f  s t o r e d  l i q u i d  w a s t e s  and  w i l l  be  on a  c u r r e n t  
b a s i s  by t h e  end o f  1975 .  The o n l y  l i q u i d  w a s t e s  i n  t a n k s  
t h e n  w i l l  b e  t h o s e  r e q u i r e d  by o p e r a t i n g  l o g i s t i c s  and t h o s e  
h e l d  t o  p e r m i t  t h e  decay  of  s h o r t - l i v e d  n u c l i d e s .  
W i t h i n  a  g i v e n  t a n k ,  t h e  i m m o b i l i z a t i o n  o f  t h e  l o n g -  
l i v e d  r a d i o n u c l i d e s  i n t o  s a l t  c a k e s  i s  c a r r i e d  o u t  i n  t h r e e  
p h a s e s .  I n  t h e  f i r s t  p h a s e ,  w a t e r  i s  removed from t h e  s a l t  
s o l u t i o n  and  t h e  c r y s t a l l i z e d  s a l t  i s  a l l o w e d  t o  a c c u m u l a t e .  
T h i s  c o n c e n t r a t i o n  s t e p  i s  a c c o m p l i s h e d  by e v a p o r a t i n g  w a t e r  
w i t h  s t e a m  c o i l s ,  h e a t e d  a i r ,  o r  submerged e l e c t r i c a l  h e a t e r s ,  
i n  a d d i t i o n  t o  h e a t  g e n e r a t e d  f rom t h e  decay  o f  t h e  r a d i o -  
n u c l i d e s .  A d d i t i o n a l  w a s t e  s o l u t i o n  i s  pumped i n t o  t h e  con-  
c e n t r a t i n g  sys t em u n t i l  t h e  c r y s t a l l i z e d  s a l t s  occupy e s s e n -  
t i a l l y  a l l  t h e  w a s t e  t a n k  volume.  I t  may n o t  b e  p r a c t i c a l  t o  
r e d u c e  t h e  w a t e r  c o n t e n t  t o  t h e  d e s i r e d  e x t e n t  i n  one o p e r a -  
t i o n .  R e s i d u a l  l i q u i d  may be removed by r e c y c l i n g  s u p e r n a t a n t  
s o l u t i o n s  t o  t h e  e v a p o r a t o r ,  by b lowing  a i r  a c r o s s  t h e  s u r f a c e  
o f  t h e  l i q u i d  w a s t e  i n  t h e  t a n k ,  o r  by a d d i n g  a  m a t e r i a l  t o  
s o r b  t h e  w a t e r .  C u r r e n t  i n v e n t o r i e s  o f  p r e c i p i t a t e d  s a l t s  
and  s e t t l e d  s l u d g e s  (hyd rous  m e t a l  o x i d e s )  w i l l  n o t  n o r m a l l y  
b e  r o u t e d  t h r o u g h  t h e  e v a p o r a t i o n  s t e p .  They w i l l  r e m a i n ,  
i n s t e a d ,  where  t h e y  f i . r s t  s e t t l e d  u n l e s s  s u f f i c i e n t  l o n g - l i v e d  
i s o t o p e s  a r e  p r e s e n t  t o  p r e c l u d e  s a f e  h e a t  d i s s i p a t i o n  t h r o u g h  
t h e  s o i l .  These  f i r s t  p h a s e  o p e r a t i o n s  a r e  c h a r a c t e r i z e d  by 
o p e r a t o r  s u r v e i l l a r i c e  and  p r o c e s s  c o n t r o l .  
I n  t h e  s econd  p h a s e ,  t h e  c o n c e n t r a t e d  w a s t e s  a r e  a l l o w e d  
t o  c o o l  o v e r  a  p e r i o d  o f  a. few y e a r s .  Dur ing  t h i s  p e r i o d ,  a 
p l a n n e d  program o f  o b s e r v a t i o n  and a n a l y s i s  i s  a d m i n i s t e r e d .  
Based on t h e  d a t a  o b t a i n e d ,  p r o j e c t i o n s  a r e  made a s  t o  tem- 
p e r a t u r e  p r o f i l e s  and  r a t e s  o f  r a d i o l y t i c  g a s  f o r m a t i o n  ( i f  
any )  f o r  e a c h  t a n k  as a  f u n c t i o n  o f  t i m e .  When enough d a t a  
a r e  o b t a i n e d  t o  p r o j e c t  f u t u r e  c o n d i t i o n s  w i t h  c o n f i d e n c e ,  
t h e  t a n k  dome i s  t o  be  f i l l e d  w i t h  s a n d  ( o r  p o s s i b l y  w i t h  
g r o u t ) ,  t h e  t a n k  i s  t o  be  d i s c o n n e c t e d  f rom a l l  o p e r a t i n g  s y s -  
tems and  t h e  s u r f a c e ,  and  t h e  ground  s u r f a c e  i s  t o  b e  s t a b i -  
l i z e d  a g a i n s t  encroacl lment  by t h e  e l e m e n t s .  'This s e c o n d  p h a s e  
i s  c h a r a c t e r i z e d  by r e g u l a r  o b s e r v a t i o n  and e n g i n e e r i n g  
a n a l y s i s .  
The t h i r d  phase  i s  one o f  l o n g - t e r m  s t o r a g e  w i t h  o n l y  
o c c a s i o n a l  s u r v e i l l a n c e .  While l i f e  forms s h o u l d  c o n t i n u e  t o  
be e x c l u d e d  from c o n t a c t  w i t h  t h e  w a s t e ,  t h e  sys tem i s  
i n h e r e n t l y  s t a b l e  and s h o u l d  r e q u i r e  on ly  minimal c a r e  t o  
m a i n t a i n  s a f e  c o n d i t i o n s .  I f  compa t ib le  w i t h  n a t i o n a l  c r i -  
t e r i a ,  y e t  t o  be  d e f i n e d ,  i t  a p p e a r s  t h a t  t h e  s o l i d i f i e d  
w a s t e s  may be l e f t  i n  t h i s  s t a t e  i n d e f i n i t e l y .  
This  document summarizes t h e  p r e l i m i n a r y  a n a l y s e s  and 
a s s e s s m e n t s  of  t h e  p o t e n t i a l  h a z a r d s  a s s o c i a t e d  w i t h  t h e  t h i r d  
phase  of  t h e  I n - T a n k - S o l i d i f i c a t i o n  c o n c e p t - - l o n g - t e r m  s t o r a g e .  . . 
The p o t e n t i a l  h a z a r d s  of  p r e p a r i n g  t h e  was tes  f o r  l o n g - t e r m  
s t o r a g e  a r e  d i s c u s s e d  e l s e w h e r e .  ( 1 - 4 )  
I n - T a n k - S o l i d i f i c a t i o n ,  as  p a r t  o f  t h e  w a s t e  management 
program, p r o v i d e s  a  method t o  s t o r e  r a d i o a c t i v e  w a s t e  i n  a  
s t a b l e  c o n d i t i o n  w i t h  e s s e n t i a l l y  no i n t e r a c t i o n s  w i t h  i t s  
env i ronment .  The w a s t e  w i l l  n o t  be  t r a n s p o r t e d  t o  t h e  atmo- 
s p h e r e  n o r  t o  t h e  ground w a t e r  under  f o r e s e e a b l e  env i ronmenta l  
c o n d i t i o n s .  Even c a t a s t r o p h i c  f l o o d i n g  o r  d r a m a t i c  changes  of  
c l i m a t e  such  a s  doub l ing  o r  t r i p l i n g  t h e  annual  maximum r a t e  
of  r a i n f a l l  would n o t  c r e a t e  a  c o n d i t i o n  l i k e l y  t o  d i s p e r s e  
t h e  s t o r e d  w a s t e .  
T A N K  I I V T E G R I T Y  A N D  R A D I O L Y T I C  G A S E S  
The i n t e g r i t y  o f  t h e  s o l i d  s a l t  cake t o  remain i n t a c t  
and f i x e d  w i t h i n  t h e  s o i l  i s  n o t  s i g n i f i c a n t l y  a l t e r e d  by t h e  
i n e v i t a b l e  d e t e r i o r a t i o n  of t h e  s t e e l  l i n e r s  and c o n c r e t e  of  
v t h e  underground t a n k s .  F i l l i n g  of t h e  t a n k  dome w i t h  sand  o r  
s i m i l a r  m a t e r i a l . w i l 1  l e a v e  no l a r g e  open s p a c e s  f o r  t h e  a c c u -  
m u l a t i o n  of  e x p l o s i v e ,  p o i s o n o u s ,  o r  o t h e r  r a d i o l y t i c  decompo- 
s i t i o n  g a s e s .  F i l l i n g  of t h e  t a n k  dome w i l l  a l s o  p r o v i d e  
s t r u c t u r a l  i n t e g r i t y  t o  a s s u r e  a g a i n s t  a  f u t u r e  t a n k  dome 
c o l l a p s e .  The p o t e n t i a l  f o r  r a d i o l y t i c  r e a c t i o n s  g e n e r a t i n g  
hazardous q u a n t i t i e s  o f  e x p l o s i v e  g a s e s  appears  s m a l l  b u t  w i l l  I 
I 
be e v a l u a t e d  p r i o r  t o  f i l l i n g  t h e  waste  t ank  dome w i t h  sand o r  
s i m i l a r  m a t e r i a l s .  
M A X I M U M  S A L T  C A K E  T E M P E R A T U R E  
The maximum tempera tu re  of t h e  r e s u l t a n t  s a l t  cake w i l l  
be  l i m i t e d  t o  about  2 6 0  O C  by c o n t r o l l i n g  t h e  r a d i o n u c l i d e  
c o n t e n t  o f  t h e  d r y i n g  l i q u i d  w a s t e .  A was te  sample from each  
t a n k  w i l l  be c y c l e d  through t h i s  t empera tu re  t o  a s s u r e  t h a t  no 
exothermic  r e a c t i o n s  o c c u r .  
S E I S M I C I T Y  
Hanford i s  c o n s i d e r e d  t o  be i n  a  r e g i o n  o f  moderate s e i s -  
m i c i t y ,  v e r g i n g  on minor s e i s m i c i t y .  The geology of t h e  
Hanford P r o j e c t  i s  c h a r a c t e r i z e d  by a  t h i c k n e s s  of  t e r t i a r y  
b a s a l t i c  v o l c a n i c  r o c k s ,  upon which r e s t  l o c a l l y  t h i c k  s e c -  
t i o n s  of  t e r t i a r y  and q u a t e r n a r y  sed imenta ry  s t r a t a .  The 
sediments  r e s t i n g  d i r e c t l y  upon t h e  b a s a l t  a r e  p r i m a r i l y  t h e  
Ringold  and g l a c i o f l u v i a t i l e  sediments  which form t h e  major  
f o u n d a t i o n  m a t e r i a l s  on t h e  Hanford P r o j e c t .  No a d v e r s e  s e i s -  
mic e f f e c t s  a r e  a n t i c i p a t e d  i n  t h e  g l a c i o f l u v i a t i l e  d e p o s i t s  
a t  Hanford.  Earthquake ground motion having s p e c t r a l  c h a r a c -  
t e r i s t i c s  s i m i l a r  t o  r ecorded  C a l i f o r n i a  ground motions on 
f i r m  a l luv ium can be expec ted  a t  Hanford.  Earthquakes o c c u r -  
r i n g  i n  C a l i f o r n i a  have shown no a m p l i f i c a t i o n  of ground 
mot ion .  
The Hanford R e s e r v a t i o n  Area has  n o t  been s u b j e c t e d  t o  
more t h a n  weak ground shak ing  d u r i n g  h i s t o r i c a l  t imes  which c o r -  
r o b o r a t e s  t h e  e s t i m a t e s  t h a t  Hanford i s  i n  a  r e g i o n  of moder- 
a t e  s e i s m i c i t y ,  v e r g i n g  on minor s e i s m i c i t y .  Hanford shows 
s m a l l e r  r e s p o n s e  t o  d i s t a n t  shocks of d e s t r u c t i v e  magnitude 
t h a n  do su r round ing  a r e a s .  An i n t e n s i t y  of  MM-VI (Modified 
M e r c a l l i  S c a l e )  has  been recommended f o r  u s e  a s  a  sound working 
v a l u e  f o r  e n g i n e e r i n g  d e s i g n  p u r p o s e s ,  a l t h o u g h  t h e  ext remely  
remote p o s s i b i l i t y  of  an e a r t h q u a k e  o f  MM-VII i s  r e c o g n i z e d .  
An e a r t h q u a k e  of  MM-VII a t  any l o c a l e  on t h e  P r o j e c t  a r e a  
would produce an a c c e l e r a t i o n  o f  approx imate ly  0.07 g ,  n o t  of  
s u f f i c i e n t  magni tude  t o  a l t e r  t h e  ground s u r f a c e .  An e a r t h -  
quake of  i n t e n s i t y  V I I I  t o  IX, s u f f i c i e n t  t o  s h e a r  t h e  ground 
s u r f a c e ,  i s  n o t  p r e d i c t e d  a s  l i k e l y  on t h e  b a s i s  of  g e o l o g i c a l  
ev idence  o f  t h e  l a s t  10,000 y e a r s .  
C O L U M B I A  R I V E R  D A M M I N G  
The Columbia R ive r  h a s  been dammed and d i v e r t e d  by such  
n a t u r a l  o c c u r r e n c e s  a s  e a r t h  s l i d e s ,  b u t  t h e  e f f e c t s  were 
s t r i c t l y  loca1 , t empora ry  and d i d  n o t  a f f e c t  t h e  200 Area P l a -  
t e a u .  The c o n s t r u c t i o n  and t h e  f i l l i n g  o f  t h e  p o o l  beh ind  t h e  
proposed Ben F r a n k l i n  Dam would r a i s e  t h e  w a t e r  t a b l e ,  a l t e r  
ground w a t e r  f low p a t t e r n s  and r a t e s ,  and p r o b a b l y  would l e a d  
t o  minor  l a n d s l i d e s  a long  t h e  c u r r e n t  r i v e r  banks .  Th i s  
a n a l y s i s  i n d i c a t e s  t h a t  none of  t h e s e  phenomena would c r e a t e  
an u n t e n a b l e  c o n d i t i o n  w i t h  r e s p e c t  t o  t h e  In-Tank-  
S o l i d i f i c a t i o n  was te  management c o n c e p t .  
I R R I G A T I O N  
Genera l  q u a n t i t a t i v e  s t a t e m e n t s  canno t  be made w i t h  
r e f e r e n c e  t o  t h e  d e t r i m e n t a l  o r  b e n e f i c i a l  e f f e c t s  o f  i r r i -  
g a t i n g  any s p e c i f i c  a r e a  i n  t h e  r e g i o n  of t h e  200 Area P l a t e a u  
w i t h o u t  d e t a i l e d  s i m u l a t i o n  m o d e l l i n g .  For example,  i r r i g a -  
t i o n  u s i n g  ground w a t e r  from w e l l s  t o  t h e  wes t  of t h e  P r o j e c t  
may b e n e f i c i a l l y  lower t h e  w a t e r  t a b l e  a t  t h e  s e p a r a t i o n  
p l a n t s .  Q u a l i t a t i v e l y ,  i r r i g a t i o n  t h a t  would c a u s e  ground 
w a t e r  from t h e  200 Area P l a t e a u  t o  e n t e r  permeable  f low chan-  
n e l s  s h o u l d  be avo ided .  
W E A T H E R  
Recorded wea the r  o b s e r v a t i o n s  and g e o l o g i c  and h y d r o l o -  
g i c  s t u d i e s  have d i s c l o s e d  no ev idence  of  ex t reme wea the r  
c o n d i t i o n s  d u r i n g  t h e  l a s t  10,000 y e a r s  pos ing  a  s i g n i f i c a n t  
t h r e a t  t o  t h e  adequacy of t h e  I n - T a n k - S o l i d i f i c a t i o n  was te  
s t o r a g e  concep t .  
N U C L E A R  WEAPONS C O N S E O U E N C E S  
I n  t h e  ex t remely  low p r o b a b i l i t y  e v e n t  of a  d i r e c t  t a n k  
farm h i t  by a  n u c l e a r  weapon, t h e  c o n t e n t s  of  t h e  e n t i r e  t a n k  
farm c o u l d  be d i s p e r s e d .  For a  3  megaton (MT) weapon, a  c r a -  
t e r  measuring 1500 f t  i n  d iamete r  and 400 f t  i n  dep th  c o u l d  be 
c r e a t e d .  The d i s p e r s e d  ' O S ~  from t h e  s t o r e d  waste  cou ld  
r e q u i r e  c o n t r o l  of c rops  over  a  downwind d i s t a n c e  of abou t  
300 m i l e s  and over  a  t o t a l  a r e a  of  abo.ut 20,000 s q u a r e  m i l e s .  
A 1  R C R A F T  A C C I D E N T S  
The maximum p r o b a b i l i t y  o f  a  d i r e c t  p e n e t r a t i n g  c r a s h  o f  
a  j e t  a i r c r a f t  i n t o  a  t ank  farm a r e a  was c a l c u l a t e d  t o  be l e s s  
t h a n  3 x p e r  y e a r .  Such an even t  cou ld  r e s u l t  i n  l o c a l  
s u r f a c e  c o n t a m i n a t i o n .  Required c o r r e c t i v e  a c t i o n s  would be 
of s m a l l  magnitude.  
V E G E T A T I O N  C O N T A M I N A T I O N  
P e r e n n i a l  p l a n t  r o o t  systems c o u l d  r e a c h  t h e  n i t r o g e n  
r i c h  n u t r i e n t  l a y e r s  t h a t  may be p r e s e n t  around t h e  s a l t  cakes .  
The growth of p e r e n n i a l s  d i r e c t l y  over  t h e  b u r i e d  was te  shou ld  
be p r e v e n t e d .  Burrowing animals  w i l l  n o t  be  found a t  t h e  s a l t  
cake d e p t h .  
F L O O D S  
F l a s h  f l o o d s  have n o t  occur red  a t  t h e  waste  s t o r a g e  a r e a s  
and t h e  l o c a l  topography makes such an e v e n t  u n l i k e l y .  Major 
f l o o d s  would n o t  r e a c h  n o r  a f f e c t  t h e  200 Area P l a t e a u .  
W I N D  E R O S I O N  
Gradual  wind e r o s i o n  of t h e  overburden ,  a l though  h i g h l y  
u n l i k e l y ,  was de termined t o  be t h e  e x t e r n a l  i n f l u e n c e  most 
l i k e l y  t o  expose and t o  d i s p e r s e  a  p a r t  of  t h e  s a l t  cake  
r a d i o n u c l i d e  i n v e n t o r y .  The consequences of  wind e r o s i o n  
uncover ing  t h e  t o p  of an exposed s a l t  cake  c o u l d  r e q u i r e  eva -  
c u a t i o n  of  peop le  w i t h i n  a  3 - m i l e  downwind d i s t a n c e  and con- 
f i s c a t i o n  of  c r o p s  f o r  s e v e r a l  y e a r s  w i t h i n  a  20-mi le  downwind 
d i s t a n c e .  An overburden p r o t e c t i o n  and p e r i o d i c  i n s p e c t i o n  
can f u r t h e r  reduce  t h e  u n l i k e l y  wind e r o s i o n  d i s p e r s a l  o f  t h e  
r a d i o n u c l i d e  i n v e n t o r y  of a  s a l t  cake .  
R E T R I E V A L  O F  S T O R E D  WASTES 
I t  i s  p o s s i b l e  t h a t  development o f  e i t h e r  env i ronmenta l  
o r  s o c i o l o g i c a l  c o n d i t i o n s  i n  t h e  f u t u r e  might  r e q u i r e  move- 
ment o f  t h e  contaminated  s a l t s  t o  a n o t h e r  l o c a t i o n .  S i n c e  t h e  
t a n k s  can  be  assumed t o  have l o s t  t h e i r  l i q u i d  conta inment  
c a p a b i l i t y  by t h a t  t ime ,  any r e t r i e v a l  and t r a n s p o r t  program 
would be based  p r i m a r i l y  on t h e  hand l ing  o f  con tamina ted  
s o l i d s .  There a r e  no insurmountab le  problems i n  mining and 
packaging t h e s e  contaminated  s o l i d s  u s i n g  c u r r e n t l y  a v a i l a b l e  
t echno logy .  
C O N C L U S I O N S  
A d e t a i l e d  and c r i t i c a l  examinat ion  o f  c o n c e i v a b l e  haz -  
a r d s  of  t h e  I n - T a n k - S o l i d i f i c a t i o n  waste  s t o r a g e  concept  
r e v e a l s  no e v i d e n c e  t o  i n d i c a t e  t h a t  t h e  concept  i s  unsound. 
No n a t u r a l  h a z a r d s  l e a d i n g  t o  t h e  development o f  u n s a f e  c o n d i -  
t i o n s  were d i s c o v e r e d .  A n t i c i p a t e d  uses  of  t h e  nearby l a n d  
w i l l  n o t  j e o p a r d i z e  t h e  m u l t i c e n t u r y  i s o l a t i o n  o f  t h e  was te  
s t o r e d  by t h e  ITS c o n c e p t .  R a d i o l o g i c a l  s a f e t y  c o n s i d e r a t i o n s  
i n d i c a t e  t h e  ITS s t o r a g e  concept  t o  be s a f e  and t o  o f f e r  
improved long- te rm waste  s t o r a g e  compared t o  t h e  p r e s e n t  
l i q u i d  s t o r a g e  methods. 
B A S I C  C O N D I T I O N S  A N D  A S S U M P T I O N S  
The t a n k  farms a r e  l o c a t e d  on t h e  200 Area P l a t e a u  ( F i g -  
u r e  1 ) .  The t y p i c a l  g e o l o g i c a l  f e a t u r e s  of  t h i s  p l a t e a u  a r e  
used t o  a s s e s s  t h e  p o t e n t i a l  h a z a r d s .  
FIGURE 1. Map of Hanford Area 
F o r  t h i s  a n a l y s i s ,  t h e  f o l l o w i n g  s p e c i f i c  c o n d i t i o n s  a r e  
assumed t o  d e s c r i b e  a  t y p i c a l  was te  s t o r a g e  t a n k  and t ank  farm 
p r e p a r e d  f o r  long- te rm s t o r a g e .  
Tank BY-101 i s  t aken  a s  t y p i c a l  i n  s i z e ,  d e s i g n ,  and a l l  
o t h e r  p h y s i c a l  p r o p e r t i e s  of  t h e  t anks  t o  be c o n s i d e r e d .  
The t y p i c a l  was te  t a n k  c o n s t r u c t i o n  i s  shown i n  F i g u r e  2 .  
T y p i c a l  s a l t  cakes  a r e  composed of t h e  sodium s a l t s  of 
n i t r a t e ,  n i t r i t e ,  and a lumina te  an ions  i n  a  sodium 
hydrox ide  composi te .  Some c a r b o n a t e s ,  s u l p h a t e s ,  phos-  
p h a t e s ,  and p o s s i b l y  some complexed cyan ides  w i l l  a l s o  be 
p r e s e n t  i n  minor amounts. Small  amounts o f  s i l i c a t e s  and 
c h l o r i d e s  a r e  a l s o  p r e s e n t .  ( 4 )  The s p e c i f i c  g r a v i t y  of 
t h e  s a l t  cake ranges  from 1 . 5  t o  2.0.  A t a n k  f i l l e d  t o  
a  t y p i c a l  l o a d  c a p a c i t y  w i l l  c o n t a i n  a  s a l t  cake  weighing 
i n  e x c e s s  o f  4000 t o n s ,  measuring about  75 f t  i n  diari,- 
e t e r ,  and abou t  20 f t  i n  h e i g h t .  The t o p  s u r f a c e  of t h e  
s a l t  cake  w;!' !,., <,baut 30 f t  below g r a d e  and a  minimum 
of  150 f t  above ground w a t e r .  
A s u r v e i l l a n c e  p e r i o d  has  shown t h a t  c o n c e n t r a t i o n s  o f  
e x p l o s i v e  g a s e s  g e n e r a t e d  w i t h i n  t h e  s t o r e d  was te  w i l l  be 
i n c o n s e q u e n t i a l .  
The h e a t  g e n e r a t i o n  w i t h i n  t h e  waste  i s  s u f f i c i e n t l y  low 
s o  t h a t  a n  a i r  space  i s  n o t  r e q u i r e d  above t h e  was te  f o r  
h e a t  d i s s i p a t i o n  p u r p o s e s .  
The t a n k s  a r e  f i l l e d  w i t h  an i n e r t  m a t e r i a l  such a s  sand 
t o  e l i m i n a t e  t h e  v o i d  s p a c e  t h a t  might  p e r m i t  t h e  c o l -  
l a p s e  of  t h e  t ank  dome. 
A l l  t a n k  dome p e n e t r a t i o n s  a r e  f i l l e d  w i t h  s a n d ,  g r o u t ,  
o r  s i m i l a r  m a t e r i a l s  t o  avo id  a  d i r e c t  a i r  channe l  t o  t h e  
s a l t  cake .  
The t o p  of  t h e  t ank  farm i s  covered  w i t h  a  s o i l  s t a b i -  
l i z i n g  cap o f  r o c k s ,  s a n d ,  o r  c l a y  e x t e n d i n g  over  t h e  
t a n k  farm a r e a  t o  p rov ide  p r o t e c t i o n  a g a i n s t  wind and 
w a t e r  e r o s i o n .  
* 
Minimum of 150' to Ground Water 
FIGURE 2 .  Typica l  Waste S to rage  Tank Cons t ruc t i on  
There a r e  no p i p e s  c o n n e c t i n g  any d i v e r s i o n  boxes ,  p r o c e s -  
s i n g  f a c i l i t i e s ,  o r  w a t e r  s u p p l i e s  w i t h  t h e  t a n k  farm. 
A l l  c o n n e c t i n g  p i p e s  a r e  b lanked and s e c t i o n s  of  connec-  
t i n g  p i p e s  removed a t  both  t h e  t ank  farm d i v e r s i o n  box 
and p r o c e s s i n g  f a c i l i t y  ends  t o  a s s u r e  t h a t  l i q u i d s  can-  
n o t  p o s s i b l y  f low e i t h e r  t o  o r  from a  t ank  farm.  
8 The amount of  f i s s i o n  p r o d u c t s  i n c l u d e d  i n  each s a l t  cake  
i s  s o  l i m i t e d  by chemical  s e p a r a t i o n  and /o r  decay t h a t  t h e  
h e a t  of  r a d i o a c t i v e  decay can  be d i s s i p a t e d  n a t u r a l l y  t o  
t h e  environment  w i t h o u t  exceeding a  maximum t e m p e r a t u r e  of  
260 O C  [500 O F ]  ( 5 )  i n  t h e  s a l t  cake .  The assumed r a d i o -  
n u c l i d e  c o n t e n t s  o f  i n t e r e s t  i n  a  s a l t  cake  a t  t h e  t ime  o f  
s o l i d i f i c a t i o n  a r e  summarized i n  Table  1. 
TABLE 1. Rad ionuc l ide  Conten t s  
of a  S a l t  Cake i n  a  S i n g l e  Tank (6 
Radionuc l ide  T y p i c a l  I n v e n t o r y ,  C i  Maximum I n v e n t o r y ,  C i  
3  x l o 6  t o t a l  
The 2 4 0 ~ u  r a d i o n u c l i d e  c o n t e n t  of  t h e  waste  i s  s e v e r a l  
t imes  l e s s  t h a n  t h e  2 3 9 ~ u  i n v e n t o r y ,  w h i l e  t h e  2 4'2 pu 
r a d i o n u c l i d e  i n v e n t o r y  i s  s e v e r a l  o r d e r s  o f  magnitude l e s s  
t h a n  t h e  2 3 9 ~ ~  i n v e n t o r y .  The 2 4 0 ~ u  and 2 4 2 ~ ~  r a d i o -  
n u c l i d e s  do n o t  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  h a z a r d s  
a s s o c i a t e d  w i t h  t h i s  s t o r e d  w a s t e .  The 2 4 1 ~ m  i n v e n t o r i e s  
a r e  a  f u n c t i o n  o f  t h e  age  of  t h e  w a s t e .  The v a l u e s  g i v e n  
i n  Table  1 a r e  f o r  w a s t e  aged s u f f i c i e n t l y  t o  p e r m i t  f i l -  
l i n g  t h e  t a n k  dome w i t h  sand  (10 t o  20 y e a r s ) .  
8 The o t h e r  r a d i o n u c l i d e s  p r e s e n t  a f t e r  t h e  10 t o  20 y e a r s  
o f  decay a r e  o f  minor concern  compared t o  t h e  1 3 7 ~ s ,  ' O S ~ ,  
2 3 9 ~ u ,  2 4 1 ~ u ,  and  2 4 1 ~ m .  C o n t r o l  o f  t h e s e  r a d i o n u c l i d e s  
w i l l  a l s o  p r o v i d e  a d e q u a t e  c o n t r o l  f o r  t h e  minor  q u a n t i -  
t i e s  o f  t h e  o t h e r  f i s s i o n  p r o d u c t s  s t i l l  p r e s e n t  i n  t h e  
w a s t e  . 
a The maximum i n v e n t o r y  o f  r a d i o n u c l i d e s  s t o r e d  as s a l t  
c a k e  a t  a  s i n g l e  t a n k  f a rm i s  g i v e n  i n  T a b l e  2 .  These 
v a l u e s  were  o b t a i n e d  by m u l t i p l y i n g  t h e  t y p i c a l  t a n k  
i n v e n t o r y  a s  shown i n  T a b l e  1 by 3 6 ,  t h e  number o f  t a n k s  
i n  t h e  l a r g e s t  t a n k  fa rm.  
TABLE 2 .  Maximum R a d i o n u c l i d e  I n v e n t o r y  
o f  a Major  Tank Farm 
R a d i o n u c l i d e  Tank Farm I n v e n t o r y ,  C i  
a A d m i n i s t r a t i v e  c o n t r o l s  a r e  e s t a b l i s h e d  and m a i n t a i n e d  
t o  c o n t r o l  p e r s o n n e l  a c c e s s  and  a c t i v i t i e s  a t  t h e  w a s t e  
s t o r a g e  a r e a .  A p p r o p r i a t e  w a s t e  s t o r a g e  a r e a  marke r s  a r e  
i n  p l a c e .  
I N H E R E N T  S T A B I L I T Y  A N D  C R I T I C A L  I'4ASS 
No mechanisms o r  r e a c t i o n s  f rom w i t h i n  t h e  s a l t  c a k e  o r  
i t s  immediate  env i ronmen t  t h a t  migh t  l e a d  t o  h a z a r d o u s  e x p l o -  
s i v e  o r  p o i s o n o u s  c o n d i t i o n s  a t  t h e  s u r f a c e  o f  t h e  t a n k  fa rm 
o r  i n  t h e  s o i l  m a t e r i a l s  a round  t h e  s a l t  c ake  have been  
d i s c l o s e d .  
Al though t h e  s t e e l  a n d  c o n c r e t e  t a n k s  w i l l  i n e v i t a b l y  
d e t e r i o r a t e  o v e r  t h e  c e n t u r i e s ,  t h e  t a n k  m a t e r i a l s  w i l l  r ema in  
e s s e n t i a l l y  i n  p l a c e  a b o u t  t h e  s a l t  c a k e s .  Once t h e  s a l t  c ake  
i s  formed,  l i t t l e  i n t e r a c t i o n  be tween  t h e  t a n k ,  t h e  s o i l ,  and 
t h e  t a n k  c o n t e n t s  i s  f o r e s e e n .  No i n h e r e n t  mechanisms o t h e r  
t h a n  t h e  e x t r e m e l y  s low d i f f u s i o n  mechanisms, a r e  p r e s e n t  t o  
move t h e  s t e e l  o r  c o n c r e t e .  Very s low i n t e r a c t i o n s  d r i v e n  by 
c o n c e n t r a t i o n  g r a d i e n t s  w i l l  c o n t i n u e  between t h e  s a l t s  and 
t h e  t a n k  components (and l a t e r ,  t h e  s o i l )  f o r  c e n t u r i e s .  
F i l l i n g  of t h e  t a n k  dome w i t h  s o l i d  m a t e r i a l  such  a s  sand  
o r  g r o u t  w i l l  l e a v e  no l a r g e  open s p a c e s  f o r  t h e  accumula t ion  
o f  e x p l o s i v e ,  po i sonous ,  o r  o t h e r  g a s e s ,  and w i l l  p r o v i d e  
s t r u c t u r a l  i n t e g r i t y  t o  a s s u r e  a g a i n s t  a  f u t u r e  c o l l a p s e  o f  
t h e  t a n k  dome and overburden .  Under a tmospher i c  p r e s s u r e  t h e  
v o i d  volume of a  s a n d - f i l l e d  t a n k  would n o t  s u p p o r t  combust ion  
i n  an  e x p l o s i v e  manner. There a p p e a r s  t o  be no s o l i d  s t a t e  
r e a c t i o n s  i n  t h e  s a l t  cake which might  l e a d  t o  t h e  g e n e r a t i o n  
of  e x p l o s i v e  compounds. The w a s t e  w i l l  be under  c l o s e  s u r -  
v e i l l a n c e  u n t i l  i t s  t e m p e r a t u r e  h a s  r e a c h e d  a  maximum and 
s t a r t e d  t o  d e c l i n e .  The p o t e n t i a l  f o r  t h e  g e n e r a t i o n  o f  any 
e x p l o s i v e  g a s e s  by r a d i o l y t i c  r e a c t i o n s  i s  t o  be e v a l u a t e d  a s  
a  p a r t  o f  t h e  program of  p r e p a r i n g  s a l t  cake  w a s t e  f o r  long-  
term s t o r a g e .  
The r a d i o n u c l i d e  c o n t e n t  o f  t h e  d ry  and l i q u i d  w a s t e  w i l l  
be c o n t r o l l e d  by chemical  s e p a r a t i o n  and removal o f  h i g h  h e a t -  
g e n e r a t i n g  r a d i o n u c l i d e s ,  o r  by a l l o w i n g  s u f f i c i e n t  t ime  f o r  
decay o f  t h e s e  r a d i o n u c l i d e s .  The normal p lanned  s a l t  cake  
t e m p e r a t u r e  w i l l  be l i m i t e d  t o  150 O C .  A maximum s a l t  cake  
t e m p e r a t u r e  o f  260 O C  may be p e r m i t t e d .  P r i o r  t o  e v a p o r a t i o n ,  
a  r e p r e s e n t a t i v e  sample o f  t h e  c o n t e n t s  from each t a n k  w i l l  be  
c o l l e c t e d ,  d r i e d ,  and h e a t e d  t o  t e m p e r a t u r e s  of  260 O C  t o  
a s s u r e  t h a t  no s i g n i f i c a n t  exothermal  r e a c t i o n s  o c c u r .  P r e -  
l i m i n a r y  s t u d i e s  have i n d i c a t e d  t h e  exo the rmic  r e a c t i o n  most 
l i k e l y  t o  be  encoun te red  i s  t h e  decomposi t ion  of  ammonium 
n i t r a t e ,  p o s s i b l y  a t  abou t  240 t o  260 O C  i n  c o n c e n t r a t e d  ammo- ., . 
nium n i t r a t e  s o l u t i o n s .  ( 7 )  Only a  s m a l l  q u a n t i t y  of  ammonium 
n i t r a t e  i s  d i s t r i b u t e d  throughout  t h e s e  wastes  and no s i g n i -  
f i c a n t  exothermic  r e a c t i o n  i s  a n t i c i p a t e d  a t  t h e  260 O C  tem- 
p e r a t u r e .  The p lanned o p e r a t i n g  t empera tu re  of 150 O C  
p r o v i d e s  a  s a f e t y  range  of  s l i g h t l y  o v e r  100 O C  du r ing  t h e  
e v a p o r a t i o n  and i n i t i a l  s t o r a g e  p e r i o d .  I t  shou ld  a l s o  be 
n o t e d  t h a t  t h e  s a l t  cake t e m p e r a t u r e  i s  w e l l  below t h e  1 3 7 ~ s  
v o l a t i l i z a t i o n  t empera tu re  o f  about  670 O C .  
Although s e v e r a l  k i lograms o f  p lu tonium may be p r e s e n t  
i n  a  was te  t ank  o r  s a l t  c a k e ,  t h e  p lu tonium i s  widely  d i s t r i -  
b u t e d  over  t h e  7 5 - f t  diam of  t h e  t a n k .  The p lu tonium w i l l  be  
i n  t h e  bottom l a y e r s  a s s o c i a t e d  w i t h  o t h e r  m e t a l  ox ides  t h a t  
p r e c i p i t a t e d  a s  t h e  t ank  was f i l l e d .  The s e q u e n t i a l  n a t u r e  of  
t h e  was te  a d d i t i o n s  w i l l  a l s o  have p rov ided  some d e p t h  d i s t r i -  
b u t i o n  w i t h i n  t h e  t a n k .  I f  t h e  maximum plutonium i n v e n t o r y  of  
abou t  7 kg i s  assumed t o  be i n  t h e  bottom one c e n t i m e t e r  o f  
t h e  t a n k ,  i t s  c o n c e n t r a t i o n  would be between 1 and 2 g l l i t e r .  
C r i t i c a l i t y  i s  n o t  p o s s i b l e  f o r  p lu tonium c o n c e n t r a t i o n s  below 
7 .8  g / l i t e r ,  t h e  minimum c r i t i c a l  c o n c e n t r a t i o n  f o r  an i n f i -  
n i t e  Pu-H20 sys tem.  I n  t h e  f l a t  d i s c  geometry o f  t h e  7 5 - f t  
diam t a n k ,  t h e  minimum c r i t i c a l  mass i s  about  1200 kg o f  p l u -  
tonium i n  a  uni formly d i s t r i b u t e d  s l a b  6  i n .  t h i c k ,  a t  a 
p lu tonium c o n c e n t r a t i o n  of  16 g / l i t e r  of s o l u t i o n .  The min i -  
mum c r i t i c a l  mass f o r  a  Pu-H20 sys tem,  of  c o u r s e ,  i s  0.52 kg.  
T h i s  amount of p lu tonium would have t o  accumulate by some 
mechanism i n t o  a  s p h e r e  of about  1 2  i n .  i n  diam and i n  a  con-  
c e n t r a t i o n  of  33 g / l i t e r  t o  become c r i t i c a l .  The p lu tonium 
c o n c e n t r a t i o n  i n  t h e  t ank  would be s u b s t a n t i a l l y  l e s s  t h a n  
6  g / l i t e r ,  t h e  always s a f e  c o n c e n t r a t i o n ,  and l a c k  of  concen- 
t r a t i n g  mechanisms would a s s u r e  t h e  avoidance  of any assembly 
of a  c r i t i c a l  mass of  p lu tonium o r  o t h e r  f i s s i o n a b l e  r a d i o -  
n u c l i d e s .  ( 8 )  The a d d i t i o n  of  po i sons  f o r  c r i t i c a l i t y  p reven-  
t i o n  i s  n o t  c o n s i d e r e d  n e c e s s a r y .  
E X T E R N A L  FACTORS 
WEATHER 
The p o t e n t i a l  f o r  wind e r o s i o n ,  w a t e r  p r e c i p i t a t i o n  and 
e v a p o r a t i o n ,  f l a s h  f l o o d s  and major f l o o d s  of  t h e  Columbia 
River  t o  d i s r u p t  b u r i e d  s a l t  cake  was tes  and t o  produce r a d i o -  
l o g i c a l l y  hazardous  c o n d i t i o n s  were e v a l u a t e d  and found t o  be 
e i t h e r  c o n t r o l l a b l e  o r  i n s i g n i f i c a n t .  
Wind E r o s i o n  
The s e m i - a r i d  c l i m a t e  of t h e  r e g i o n  i n c l u d i n g  t h e  Hanford 
R e s e r v a t i o n  s u p p o r t s  on ly  a  s p a r s e  cover  of s a g e b r u s h  and 
o t h e r  p e r e n n i a l  p l a n t s  and g r a s s e s .  Because of  t h i s  d r y  c l i -  
mate and s p a r s e  v e g e t a t i o n ,  t h e  ground s u r f a c e  o v e r  much of  
t h e  p r o j e c t  a r e a  i s  s u s c e p t i b l e  t o  long- te rm wind e r o s i o n .  I n  
t h e  p r o c e s s  of  removing sand  and s m a l l e r - s i z e d  p a r t i c l e s  by 
d e f l a t i o n ,  m a t e r i a l s  a r e  s o r t e d  a c c o r d i n g  t o  s i z e  and t h e  
c o a r s e  m a t e r i a l s  a r e  l e f t  beh ind .  These c o n c e n t r a t i o n s  of  
p e b b l e s ,  c o b b l e s ,  and b o u l d e r s  form a  s t a b l e  s u r f a c e  a g a i n s t  
which f u r t h e r  e r o s i o n  by t h e  wind i s  reduced t o  e s s e n t i a l l y  
z e r o .  Such s t o n y  s u r f a c e s  a r e  commonly r e f e r r e d  t o  a s  d e s e r t  
pavement o r  d e s e r t  armor. 
The m a t e r i a l  undergoing t r a n s p o r t  by t h e  wind i s  s u b -  
j e c t e d  t o  a  winnowing e f f e c t ;  t h e  c o a r s e  m a t e r i a l s  ( sand)  i s  
d e p o s i t e d  over  t h e  p r o j e c t  s u r f a c e  i n  t h e  form of dunes ,  w h i l e  
t h e  f i n e  g r a i n e d  m a t e r i a l s  ( s i l t ' a n d  c l a y )  a r e  removed f u r t h e r  
a f i e l d ,  g e n e r a l l y  o f f  t h e  P r o j e c t  a r e a .  The sand  dunes p r e s -  
e n t  on t h e  Hanford R e s e r v a t i o n  a r e  s l o w l y  m i g r a t i n g  downwind 
where t h e  sand  i s  e v e n t u a l l y  blown i n t o  t h e  Columbia River  and 
i s  swept downstream by t h e  c u r r e n t .  A l l  of t h e  sand  dunes on 
t h e  Hanford R e s e r v a t i o n  m i g r a t e  over  a  more s t a b l e  s u r f a c e  of 
g r a v e l s .  
Over long p e r i o d s  of  t i m e ,  wind e r o s i o n  w i l l  c o n t i n u e  t o  
modify t h e  topmost l a n d  s u r f a c e  over  t h e  Hanford R e s e r v a t i o n .  
During t h e  p a s t  10 ,000 t o  15 ,000 y e a r s ,  i t  appear s  t h a t  o n l y  
one t o  2 f t  of s u r f a c e  m a t e r i a l  were removed where c o a r s e  
m a t e r i a l s  a r e  a l s o  p r e s e n t .  Moreover,  many dunes t h a t  e v i -  
d e n t l y  were a c t i v e  i n  t h e  a l t i t h e r m a l  p e r i o d  (4000 t o  8000 
y e a r s  ago) have been s t a b i l i z e d  by t h e  s l i g h t l y  i n c r e a s e d  
p r e c i p i t a t i o n  s i n c e  t h a t  t i m e .  (9y10)  I n  t h e  a r e a s  encompas- 
s i n g  t h e  t a n k  f a r m s ,  a  mass ive  overburden removal o f  up t o  
30 f t  would be r e q u i r e d  t o  expose even t h e  uppermost p o r t i o n  
o f  a  s a l t  c a k e .  
I t  may be h e l p f u l  t o  p r o v i d e  a  s t a b i l i z i n g  ground c o v e r  
i n  a d d i t i o n  t o  t h e  n a t u r a l l y  o c c u r r i n g  c o a r s e  g r a i n e d  m a t e r i -  
a l s  p r e s e n t  i n  t h e  sed imen t s  o v e r l y i n g  t h e s e  was te  t a n k s . .  To 
maximize t h e  p r o t e c t i o n  a g a i n s t  wind e r o s i o n ,  t h e  covered  
a r e a  s h o u l d  e x t e n d  beyond t h e  bounds o f  t h e  t a n k  farm i t s e l f .  
The s t o r a g e  a r e a  s h o u l d  b e  i n s p e c t e d  on a  p e r i o d i c  b a s i s  ( p e r -  
haps a n n u a l l y ) ,  and any r e s u l t i n g  damage i n  and around t h e  
ground cover  s h o u l d  be  r e p a i r e d .  The ground cover  need n o t  
be d e s i g n e d  t o  be impervious t o  w a t e r .  
The consequences of  such  a n  u n l i k e l y  e v e n t  a s  wind e r o -  
s i o n  uncover ing  a  p o r t i o n  o f  a s a l t  cake  w a s t e  s t o r a g e  a r e a  
a r e  developed i n  d e t a i l  i n  Appendix A .  The c o n d i t i o n s  p r e -  
s e n t e d  a r e  t h e  maximum hazardous  c o n d i t i o n s  t h a t  c o u l d  e x i s t .  
D i s p e r s e d  r a d i o n u c l i d e s  would be found i n  a  narrow p a t h  from 
t h e  r a d i o n u c l i d e  s o u r c e  i f  t h e  r e l e a s e  o c c u r r e d  over  a s h o r t  
p e r i o d  o f  t ime  such  a s  a  few h o u r s .  For r e l e a s e  t imes  o c c u r -  
r i n g  o v e r  t e n s  of h o u r s ,  f a c t o r s  such  a s  v a r i a b i l i t y  i n  wind 
d i r e c t i o n s  would l e a d  t o  l a r g e r  con tamina ted  a r e a s ,  b u t  a t  
lower r a d i o n u c l i d e  c o n c e n t r a t i o n s .  
T h i s  p o s t u l a t e d  e v e n t  cou ld  l e a d  t o  t h e  f o l l o w i n g  c o n d i -  
t i o n s  and p o s s i b l e  a c t i o n s  : 
BNWL- 1194 
Evacuate  peop le  w i t h i n  a  d i s t a n c e  o f  about  t h r e e  m i l e s  
downwind 
a C o n f i s c a t e  c rops  f o r  s e v e r a l  y e a r s  w i t h i n  a  d i s t a n c e  of  
abou t  20 m i l e s  downwind 
a No e x t e r n a l  exposure  problems would be e n c o u n t e r e d  a t  
d i s t a n c e s  more t h a n  a  few hundred y a r d s  from t h e  
exposed - s a l t  cake  
Lung i n t a k e s  would be  l e s s  t h a n  t h e  most r e s t r i c t i v e  
maximum p e r m i s s i b l e  body burdens  a t  d i s t a n c e s  beyond a  
few m i l e s  downwind. , . 
I n  s p i t e  of t h e  a n a l y s i s ,  t h e r e  i s  e s s e n t i a l l y  no  p o t e n -  
t i a l  f o r  a n  e r o s i o n  problem t o  l e a d  t o  t h e  d i s p e r s a l  o f  r a d i o -  
a c t i v e  m a t e r i a l s  where ground cover  p r o t e c t i o n s  and a p p r o p r i -  
a t e  p e r i o d i c  i n s p e c t i o n s  a r e  p r o v i d e d  f o r  t h e  w a s t e  s t o r a g e  
a r e a .  
Water E f f e c t s  
Recorded wea the r  o b s e r v a t i o n s  and g e o l o g i c  and h y d r o l o g i c  
s t u d i e s  i n d i c a t e  no ev idence  o f  extreme wea the r  c o n d i t i o n s  
s i n c e  t h e  l a s t  i c e  age (10,000 y e a r s  ago)  pos ing  a  s i g n i f i c a n t  
t h r e a t  t o  t h e  i n t e g r i t y  o f f e r e d  by t h e  I n - T a n k - S o l i d i f i c a t i o n  
w a s t e  s t o r a g e  c o n c e p t .  (11) Indeed,  g e o l o g i c  and p a l e o n t o l o g i c  
e v i d e n c e  summarized by Brown and Brown ( l o )  r e c o r d s  a  marked 
d r y i n g  and warming t r e n d  from about  12 ,000 y e a r s  a g o ,  cu lmina-  
t i n g  i n  t h e  a l t i t h e r m a l  p e r i o d  from abou t  4000 t o  8000 y e a r s  
ago.  C u r r e n t  c l i m a t e s  a p p e a r  comparable t o  t h o s e  of  abou t  
8000 y e a r s  ago.  S i n c e  e s s e n t i a l l y  a l l  w a t e r  d e p o s i t e d  a s  r a i n  
e v a p o r a t e s  r a t h e r  t h a n  p e r c o l a t e s  t o  t h e  w a t e r  t a b l e ,  w a t e r  
e r o s i o n  of  t h e  s a l t  cake w i l l  n o t  r e s u l t  i n  t h e  r e l e a s e  o f  
l a r g e  q u a n t i t i e s  o f  r a d i o n u c l i d e s . i n t o  exposure  pathways.  The . * 
s low l e a c h i n g  o f  t h e  s a l t  cake  by i n f i l t r a t i n g  r a i n f a l l  ( i f  i n  
6. 
f a c t  s i g n i f i c a n t  m o i s t u r e  from r a i n f a l l  s h o u l d  r e a c h  t h e  s a l t  
c a k e ,  l e a c h  r a d i o n u c l i d e s ,  and c o n t i n u e  downward) would r e s u l t  
i n  a  s low r a d i o n u c l i d e  r e l e a s e  r a t e .  Once t h e  r a d i o n u c l i d e s  
have been l e a c h e d  from t h e  s a l t  c a k e ,  s o i l  s o r p t i o n  mechanisms 
r e t a r d i n g  c a t i o n  movement i n  t h e  s o i l  would l i m i t  r a d i o n u c l i d e  
movement t o  a  r a t e  two t o  f i v e  o r d e r s  of magnitude lower t h a n  
t h a t  o f  t h e  w a t e r  p e r c o l a t i o n .  I f  needed,  a  method f o r  
immobi l iz ing  slow-moving, h i g h  c o n c e n t r a t i o n s  of  r a d i o n u c l i d e s  
i n  t h e  u n s a t u r a t e d  zone by g r o u t  i n j e c t i o n ,  which s e a l s  t h e  
s o i l  t o  minimize o r  t o  p r e v e n t  f u r t h e r  f low,  i s  a v a i l a b l e .  (12) 
The r a i n f a l l  on t h e  Hanford P r o j e c t  ave raged  o v e r  t h e  
l a s t  52 y e a r s  i s  6 .4  i n .  p e r  y e a r  w i t h  a maximum recorded  
annua l  v a l u e  o f  11 .45  i n .  The maximum r a i n f a l l  observed o v e r  
s h o r t e r  t ime p e r i o d s  was about  3  i n .  f o r  a  month, 2 i n .  f o r  
24 h r ,  and 0.55 i n .  f o r  a  1 - h r  p e r i o d .  (13 , 14) 
Because o f  t h e  d r y ,  s e m i - a r i d  c o n d i t i o n s  e x i s t i n g  f o r  t h e  
l a s t  10,000 y e a r s  i n  t h e  Hanford a r e a ,  t h e  s o i l  has  d r i e d  t o  
t h e  e x t e n t  t h a t  c a p i l l a r i t y  w i l l  r e t a i n  abou t  7 %  by volume of  
a d d i t i o n a l  w a t e r  above t h e  w a t e r  t a b l e .  (15y16) S t u d i e s  a r e  
p r e s e n t l y  i n  p r o g r e s s  t o  d e f i n e  m o i s t u r e  r e d i s t r i b u t i o n  i n  
l o c a l  s o i l s  due t o  t y p i c a l  a l t e r n a t e  w e t t i n g  and d r y i n g  
p e r i o d s .  Although a n a l y t i c a l  s o l u t i o n s  o f  t h e  complex pheno- 
mena a r e  n o t  y e t  a v a i l a b l e ,  d a t a  g a t h e r e d  from many y e a r s  of  
l a b o r a t o r y  and f i e l d  e x p e r i e n c e  r e l a t i n g  t o  r a d i o n u c l i d e  
m i g r a t i o n  r a t e s  produced by s o i l  d r a i n a g e  p r o v i d e  a  good view 
of o c c u r r e n c e s  i n  t h i s  a r e a  under  t y p i c a l  c o n d i t i o n s .  F i e l d  
e x p e r i e n c e  u t i l i z i n g  t h e  g a m m a - s c i n t i l l a t i o n  probe  and d r i l -  
l i n g  samples  c o n s i s t e n t l y  shows t h e  maximum downward m i g r a t i o n  
r a t e s  f o r  such  p o o r l y - s o r b e d  i o n s  a s  ruthenium t o  d e c r e a s e  
from s e v e r a l  f e e t  p e r  y e a r  immedia te ly  a f t e r  d i s p o s a l  f a c i l i t y  
r e t i r e m e n t  ( c r i b s  and t r e n c h e s )  t o  s e v e r a l  i n c h e s  p e r  y e a r  
j u s t  a  few y e a r s  l a t e r .  The r e l a t i v e l y  r a p i d  i n i t i a l  r a t e  i s  
due t o  t h e  h i g h  l i q u i d - w a s t e  l o a d i n g  of  t h e  s u b s o i l  a t  t h e  
t ime of  f a c i l i t y  r e t i r e m e n t .  The subsequen t  ve ry  s low r a t e  
( i n c h e s  p e r  y e a r )  i s  p r o b a b l y  s t i l l  c h a r g e a b l e ,  p r i m a r i l y ,  t o  
w a s t e  l i q u i d  d r a i n a g e  r a t h e r  t h a n  t o  r a i n f a l l  e f f e c t s .  I f  a  
r a t e  o f  s e v e r a l  i n c h e s  p e r  y e a r  i s  assumed,  s e v e r a l  c e n t u r i e s  
would b e  r e q u i r e d  f o r  even  p o o r l y  s o r b e d  i o n s  t o  m i g r a t e  f rom 
t h e  s a l t  c a k e  t o  t h e  r e g i o n a l  w a t e r  t a b l e .  The d i f f u s i o n  c o e f -  
f i c i e n t ,  c a l c u l a t e d  f rom two d i f f u s i o n  e x p e r i m e n t s  f o r  p l u t o n i u m  
d i f f u s i o n  t h r o u g h  Hanford  t y p e  s o i l s  u n d e r  c o n d i t i o n s  of  
u n s a t u r a t e d  f l o w ,  i s  4 . 8  x 10 - I 2  cm2/sec .  ( I 7 )  T h i s  d i f f u s i o n  
c o e f f i c i e n t  v a l u e  i n d i c a t e s  movement o f  p l u t o n i u m  a t  t h e  r a t e  o f  - 
, . 
a b o u t  8 . 5  cm p e r  e a c h  h a l f - l i f e  of decay  (24 ,000  y e a r s ) .  I t  
i s  a p p a r e n t  t h a t  d i f f u s i o n  movement i s  a  n e g l i g i b l e  mechanism 
f o r  t r a n s f e r  o f  p l u t o n i u m  from t h e  s a l t  c a k e  t o  t h e  g round  w a t e r .  
S i m i l a r  s t u d i e s  f o r  9 0 ~ r  and 1 3 7 ~ s  how n e g l i g i b l e  t r a n s p o r t  by  
d i f f u s i o n  mechanisms.  ( I 8 )  Some form o f  s a t u r a t e d  f l o w  w i l l  b e  
n e c e s s a r y  t o  a t t a i n  a  more r a p i d  r a t e  o f  p l u t o n i u m  movement. 
S a t u r a t e d  f l o w  c o n d i t i o n s  do  n o t  c u r r e n t l y  e x i s t  and  a r e  n o t  
a n t i c i p a t e d .  The h i g h e r  s o i l  s o r p t i o n  e f f i c i e n c i e s  r e a l i z e d  
f o r  t h e  l o n g - l i v e d  r a d i o n u c l i d e s  o f  c o n c e r n  i n  t h i s  s t u d y  would 
e x t e n d  t h i s  t r a v e l  t i m e  by p e r h a p s  s e v e r a l  o r d e r s  o f  m a g n i t u d e  
s o  t h a t  t h e  mechanism o f  r a d i o a c t i v e  d e c a y  w i l l  p r e v e n t  t h e  
t r a n s f e r  o f  r a d i o n u c l i d e s  t o  t h e  g r o u n d - w a t e r  t a b l e  i n  r a d i o -  
l o g i c a l l y  s i g n i f i c a n t  amounts  by  t h e  i n t e r m i t t e n t  a c t i o n  o f  
r a i n f a l l .  These  same f a v o r a b l e  s o i l  s o r b t i o n  p r o p e r t i e s  would 
a l s o  b e  e f f e c t i v e  i n  p r o l o n g i n g  t r a v e l  t i m e s  f o r  a n y  r a d i o -  
n u c l i d e s  e n t e r i n g  t h e  w a t e r  t a b l e  b e f o r e  t h e y  c a n  b e  d i s c h a r g e d  
i n t o  p u b l i c  a c c e s s  s u r f a c e  s t r e a m s .  
F o r  s o i l  t h a t  w i l l  r e t a i n  7% o f  a d d i t i o n a l  w a t e r s ,  a n  e s s e n -  
t i a l l y  i n s t a n t a n e o u s  i n f i l t r a t i o n  o f  14  f t  o f  w a t e r  i s  r e q u i r e d  t o  
p r o v i d e  n e a r  s a t u r a t e d  f l o w  c o n d i t i o n s  be tween  t h e  t o p  o f  t h e  s o i l  *, 
s u r f a c e  and t h e  g round  w a t e r  t a b l e  a t  a  d e p t h  o f  150  t o  200 f t .  
I f  o n l y  t h e  150 f t  of  s o i l  column be tween  t h e  b o t t o m  0.f a  s a l t  .-. 
c a k e  and t h e  g round  w a t e r  t a b l e  is  c o n s i d e r e d ,  a  r a p i d  a p p l i c a -  
t i o n  o f  1 0 . 5  f t  o f  w a t e r  (126 i n . )  would b e  r e q u i r e d  t o  i n i t i a t e  - 
appreciable flow. Such large amounts of water have not been 
available to the 200 Area Plateau since the close of the last 
ice age. No environmental conditions or human endeavors are 
known that might make an application of 126 in. of water to the 
200 Area Plateau possible. The current average rainfall rate 
of 6.4 in. per year has not led to significant migration due to 
drainage. In fact, the current status of soil dryness has 
resulted during the average rainfall period. 
For the sake of this hazard analysis, consider that the 
soil column under the salt cake has, by some mechanism, become 
more saturated and that water is continually supplied to provide 
a transport mechanism for radionuclides in the salt cake to the 
ground water table. Under such conditions, what would be the 
concentration of radionuclides in the ground water? For the 
salt cake under consideration, the plutonium concentration is 
about 8 x pci/cm3 of salt cake, or about 5 x 10' pCi/cm 2 
of projected area. Adsorption experiments have shown that, for 
basic plutonium deposits, 20 volumes of water are required to 
leach 0.1% of the plutonium from 1 volume of soil. (I7) With 
1 N NaNo3 solutions such as could result from the salt cake 
composition, 20 volumes of water may leach 5% of the plutonium 
from 1 volume of soil. (I7) For a ground water depth of 150 ft 
and a leach rate of 0.1%, 20 volumes of water would deliver 
plutonium at a concentration of about 6 x pci/cm3 to the 
ground water table. For a leach rate of 5%, 20 volumes of 
water would deliver plutonium at a concentration of 3 x lo-' - 
pCi/cm5 to the ground water table. The 168-hr MPCw for 
2 3 9 ~ u  is 5 x pci/cm3. Dilution in the ground water and 
sorption as the plutonium travels through the soils, virgin 
with respect to plutonium, would reduce these already drink- 
able water concentrations many orders of magnitude before the 
flow reaches the Columbia River. (I9 , 20) These calculations 
indicate that direct pumping from ground water wells located 
directly under a salt cake would produce water with 2 3 9 ~ u  
concentration below the recommended 168-hr MPC..,. The concen- 
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tration of 2 4 1 ~ ~  and 241~m concentrations are even lower in 
relation to their MPCw than these calculated for 239~u. 
Similar calculations were made for 1 3 7 ~ s  and the in 
the salt cake. Experiments show that 42 and 12 volumes of water 
leach 0.01% of 1 3 7 ~ s  and 'OS~ from one volume of soil, respec- 
tively. (I8) These leaching rates would deliver a 1 3 7 ~ s  - 
concentration of 4 x lo-' uci/cm3 and a concentration of . . 
1 x l ~ ~ i / c m ~  to the ground water. The 168-hr MPCw for 
3 1 3 7 ~ s  and 'Osr are 2 x pci/cm3 and uCi/cm , respec- 
tively. Hence, the ground water 1 3 7 ~ s  concentrations would 
always be less than the 168-hr MPCw. However, the 'Osr concen- 
tration at the'point of entry into the ground water systems 
could be 100 times the 168-hr MPCw. It should be recalled 
that this analysis has reviewed a hypothetical occurrence and 
has not detailed factors such as sorption on the 150 ft of 
soil column between the salt cake and the ground water, the 
time required for this travel and the reduction in radioactivity 
due to decay that would have occurred, and the slow water appli- 
cation that would be required to result in equilibrium between 
input water and the salt cake. It does appear that for 239~u, 
241~u, 241~m, and 1 3 7 ~ s ,  the amount of input water required to 
remove these radionuclides from the salt cake would also dilute 
their concentration to below the 168-hr MPCw For 'OSr, an 
additional dilution factor of 100 is required to lower its 
concentration below the 168-hr MPCw. Due to these conditions, 
there seems to be no reason to doubt that this additional dilu- 
tion would occur. 
Once in the ground water, the migration rate of these radio- 
nuclides is slow. This slow transport rate provides time for 
additional decay. As measured in the laboratory under simulated 
natural conditions, the measured migration rates are 0.01, 
0.001, and 0.00001 the rate of ground water movement for 
90 Sr, 1 3 7 ~ s  and 239~u, respectively. (17,18) A ground water 
pathway to the Columbia River or to a well that provides three 
years for ground water travel will yield "Sr decay of 10 half- 
lives, 1 3 7 ~ s  decay of 100 half-lives, and 2 3 9 ~ u  decay of 10 
half-lives. At ground water distances three years flow time 
from the salt cake, all "Sr, 137~s, and 239~u will have 
decayed to insignificance. 
In summary, one may conclude that surface waters from rain 
and snow will not transfer radionuclides from the salt cake to 
the ground water. Under foreseeable climatic conditions, there 
is no identifiable mechanism for transporting salt cake radio- 
nuclide waste materials to the ground water table in signifi- 
cant amounts as compared with generally accepted guides for 
public protection. 
Flash Floods 
In some topographical conditions, flash floods may move sub- 
stantial amounts of material and dig deep runoff paths in an 
overburden. The potential of flash floods uncovering or doing 
damage at the 200 Area Plateau is extremely remote. Figure 1 
showed the major feature of the 200 Area Plateau. There is no 
current evidence of previous flash floods (later than 10,000 
years ago) in the 200 Area Plateau where the wastes are buried. 
The high land contours at the burial ground areas offer sub- 
stantial guarantees against flash flood damage in these areas. 
The most likely flash flood channels are in the Cold Creek 
Valley, 3 to 5 miles from the burial sites and are 20 to 40 ft 
lower in elevation than the burial sites. The Cold Creek 
Valley shows no evidence of flash flood runoff resulting in a 
continuous flow of water through the valley at any time within 
the last 10,000 years. (10p21) Climate changes leading to large 
increases in snowfall on the eastern slope of the Rattlesnake 
Hills, the Yakima Ridge, and in the upper Cold Creek Valley, 
and followed by rapid melting would seem to be required to 
result in flash floods of any type. Even these conditions 
would not produce flash flood effects at the waste storage 
locations. 
It is conceivable that overburden erosion by local water 
runoff over centuries of time could expose the waste, 
although no single postulated event would be of significant 
consequence. Inspection and possible maintenace by overburden 
replacement on a periodic basis would be prudent to assure 
long-term storage. This inspection and "replacement-if- 
necessary" program covers erosion from both wind and water. 
The consequences of local runoff water erosion uncovering the 
waste are considered to be minor. The radionuclides would 
be sorbed on the soil as the water moves away from the salt 
cake. The flow of surface water would be local and would 
soak into the soil before reaching the river. Some amount 
of radioactive material could become airborne after the water 
dries away. However, the sorption on the soil and in the first 
few inches below the surface would limit the quantity of radio- 
nuclides available for dispersion in the air. The total effects 
of such a local water erosion event would be confined to an 
area within a few hundred feet of the burial site. 
Major River Floods 
No mechanism capable of creating a major river flood of 
sufficient magnitude to damage the 200 Area Plateau was 
identified. Even a major break in Grand Coulee Dam would not 
lead to surface water levels of concern relative to the tank 
farms. (22) The status of ground water tables after such a 
flood would not be changed significantly, although some very 
nominal increase in levels and flow rates would be expected. 
Past history of the Columbia River valley shows that some mas- . 
sive events (large landslides) have occurred to stop the river's -. 
flow far upstream from Hanford, followed by a massive surge of 
flood waters as the earthen and rock dams are washed away. Even 
an event of this type is not capable of storing up sufficient 
water and a sufficient water head to affect the tank farm storage 
facilities. Events capable of inundating the 200 Area Plateau 
apparently are limited to floods comparable to those of glacial 
Lake Missoula and related lakes from about 50,000 to 10,000 
years ago. (9,101 
For the purpose of assessing the hazard associated with 
major river flooding, it is necessary to define a maximum 
credible incident with some professional basis considering the 
following detailed facts: 
The mean annual flow of the Columbia River is about 100 
million acre feet. 
The total storage capacity of the entire river, including 
Mica, Arrow, and the major tributaries and impoundments, 
such as Libby, is somewhat under 22 million acre feet 
depending on the operating conditian after 1975. 
i A flow of LO million cfs for an entire day represents a 
s.torage capacity of 20 million acre feet. 
On the basis of these physical facts, a coincident failure 
of Grand Coulee Dam and the simultaneous arrival of breech flows 
from upper Canadian storage projects, physically separated by as 
much as 400 miles, would produce a flow of only 10 million cfs 
past Hanford. Even this flow rate would raise the surface 
waters to an elevation only 560 ft above sea level, or nearly 
100 ft below the lowest tank farm elevation. No combination of 
circumstances could be hypothesized, including the simultaneous 
- explosion of nuclear warheads on all Columbia River watershed 
dam projects and the resulting total destruction of all impound- 
ments on an instantaneous basis, capable of delivering a 
. - sustained flow of 10 million cfs for a 24-hr period. A flood 
of this magnitude might scour 15 to 30 ft of river bottom a 
day out of the existing channel with the result that no estimate 
of the sequence of events could be postulated without much 
detailed study. 
E A R T H  S T A B I L I T Y  
Seismic Events 
The 200 Area Plateau of the Hanford Reservation lies within 
the Columbia Plateau geologic and physiographic province or, 
more specifically, within the Pasco Basin of south-central 
Washington. As described by several investigators and more 
recently summarized by Jones and Deacon, (23) and by Brown and 
Brown, (lo) the geology is characterized by a great thickness 
of tertiary basaltic volcanic rocks, upon which rest locally 
thick sections of late tertiary and quaternary sedimentary 
strata. Recent work by Raymond and Tillson (24) has shown that 
over 100 separate flows, present to a depth greater than 
10,000 ft beneath the Hanford Reservation, appear to have accumu- 
lated in a slowly sinking structural basin at a fairly constant 
rate for the last 50-60 million years. The sediments resting 
directly upon the basalt are primarily the Ringold Formation 
which consists of compact and indurated silts, sands, gravels, 
clays, and tuffs representing both fluviatile and lacustrine 
deposition. (23'25) Resting uncomformably upon the Ringold 
Formation is a varied section of late Pleistocene and early 
Holocene sediments of glaciofluvial and glaciolacustrine origin 
ranging from silty clay to coarse gravel. The glaciofluvial 
deposits are the major foundation material on the Hanford 
Project. The average seismic velocity of these foundation 
materials is approximately 2,000 ftlsec. (23) Housner (26) 
states that "No adverse seismic effects are anticipated in the 
glaciofluvial~deposits at Hanford, and earthquake ground motion - 
having spectral characteristics similar to recorded California 
ground motions on firm alluvium can be expected." These sedi- 
ments could transmit locally occurring earthquake displacements 
to the surface under postulated conditions, but would most 
likely provide some shock protection under the conditions 
reported for past earthquakes in the region. (27,28) A recent 
study by Raymond (29) on the simultaneous measurements of ground 
motion at a number of locations on the Hanford Reservation 
resulting from quarry blasting at Gable Mountain indicates a 
logarithmic attenuation in vertical ground acceleration as the 
distance from the source increases. If a locally occurring 
earthquake generated a similar energy spectrum, a vertical 
acceleration of 0.1 g observed at 100 ft from the source would 
be attenuated to 1 x lo-' g at 10,000 ft from the source. 
According to Housner, (26) the detailed seismic record 
indicates that the Hanford Reservation area "has not been sub- 
jected to more than weak ground shaking during historical times, 
and corroborates the estimate that the Hanford area is in a 
region of moderate seismicity, verging on minor seismicity". 
On the map of earthquake intensity distribution published by 
Rassmussen, (30) nearly all the reservation area is included 
within his Zone 1, in which only minor damage has occurred since 
1840. The strongest earthquake within a radius of 150 miles of 
Hanford during the period of historic record was the Milton- 
Freewater, Oregon shock of July 15, 1936. It was located 
approximately 60 miles southeast of Hanford and was rated at 
Modified Mercalli VII in intensity and Magnitude 5.7 - 5.8. 
According to Neuman (31) the Hanford area experienced only mild 
ground shaking corresponding to an intensity of MM-IV, or an 
acceleration of less than 0.007 g, as a result of the Milton- 
Freewater earthquake. Housner (26) states that the maximum 
acceleration for a Magnitude 5.8 shock at a distance of 60 miles 
would be 0.05 g, or seven to eight times greater than that 
actually experienced. Housner further states that "an earth- 
quake similar to the 1936 Milton-Freewater shock occurring along 
the northwestern end of the fault would produce shaking at the 
Hanford site equivalent to 0.15% design spectrum". (The 
n o r t h w e s t  end of t h e  f a u l t  a l l u d e d  t o  by Housner i s  i n  t h e  
R a t t l e s n a k e  H i l l s . )  T h i s  shock would b e  e q u i v a l e n t  t o  an  
i n t e n s i t y  of  MM-VIII a t  Hanfo rd ,  based  on t h e  Gutenberg-  
R i c h t e r  Formula where i n t e n s i t y  e q u a l s  t h r e e  t i m e s  t h e  l o g  
of  t h e  a c c e l e r a t i o n  p l u s  1 . 5 ,  and a p p e a r s  t o  be  e x t r e m e l y  more 
c o n s e r v a t i v e  t h a n  t h e  r e c o r d s  w a r r a n t .  Among t h e  o t h e r  s h o c k s  
r e c o r d e d  d u r i n g  t h e  p a s t  c e n t u r y  w i t h  i n f e r r e d  Magni tudes  o f  
4 . 5  o r  g r e a t e r ,  o n l y  two o c c u r r e d  w i t h i n  50 m i l e s  o f  t h e  s i t e  
(Housner)  . ( 2 6 )  One o f  t h e s e  r e p o r t e d l y  damaged some b u i l d i n g s  
i n  U m a t i l l a ,  Oregon on March 6 ,  1893,  b u t  was n o t  r e p o r t e d  i n  
t h e  Hanford  a r e a .  The o t h e r  e a r t h q u a k e ,  p r o b a b l y  c e n t e r i n g  i n  
t h e  v i c i n i t y  of  Cor fu  on t h e  e a s t  end of t h e  Sadd le  Mounta ins  
and w i t h i n  10 m i l e s  of t h e  Hanford a r e a ,  o c c u r r e d  on November 
1, 1918,  and c a n  b e  r e g a r d e d  a s  t h e  major  h i s t o r i c  shock  
w i t h i n  t h e  c o n t e x t  o f  t h i s  s t u d y .  
Ground s h a k i n g  d u r i n g  t h e  Corfu  e a r t h q u a k e  was f e l t  o v e r  
a  wide  a r e a ,  b u t  v a r i o u s  r e p o r t s  o f  damage and l a n d s l i d e s  i n  
t h e  S a d d l e  Mountain a r e a  a r e  i n  s e r i o u s  c o n f l i c t .  F i f e r ,  ( 3 2 )  on 
t h e  b a s i s  of  i n t e r v i e w s  w i t h  p e o p l e  who r e s i d e d  i n  t h e  a r e a  i n  
1918,  p r e s e n t s  good e v i d e n c e  t h a t  t h e  i n t e n s i t y  a t  Cor fu  was 
l e s s  t h a n  M M - I V  and on t h e  Hanford R e s e r v a t i o n  a r e a  was p r o b a b l y  
l e s s  t h a n  MM-I1 t o  111.  He a l s o  r e p o r t s  t h a t  t h e  o r i g i n a l  
r e c o r d  o f  t h e  quake ,  B u l l e t i n  of  t h e  S e i s m o l o g i c a l  S o c i e t y  o f  
America,  Volume 8 ,  i n d i c a t e d  a n  i n t e n s i t y  of  IV on t h e  R o s s i -  
Fo re1  s c a l e  i n  u s e  a t  t h a t  t i m e .  A R o s s i - F o r e 1  i n t e n s i t y  
IV-V i s  e a u i v a l e n t  t o  a n  MM-IV whose d e s c r i ~ t i o n  matches  
L 
c l o s e l y  t h e  e y e  w i t n e s s  a c c o u n t s .  J a h n s  ( 2 5 j  c i t e s  l a c k  of 
p h y s i c a l  e v i d e n c e  of damage t o  any o f  t h e  b u i l d i n g s  o r  s t r u c -  
t u r e s  b u i l t  p r i o r  t o  1918 and s t i l l  p r e s e n t  i n  t h e  Corfu  a r e a  
a s  f u r t h e r  i n d i c a t i o n  t h a t  t h e  1918 quake  was o f  o n l y  low t o  
modera t e  i n t e n s i t y ,  and p r o b a b l y  d i d  n o t  exceed  Magni tude  5 . 0 .  
I n  a  r e c e n t  r e p o r t ,  Housner (33)  d e r i v e d  e a r t h q u a k e  p r o b a b i l i t i e s  , 
f o r  t h e  Hanford  r e g i o n .  H i s  a n a l y s i s  was b a s e d  on t h e  number 
of earthquakes known to have occurred in a circular area of 
100 mile radius centered on Hanford. The probability of earth- 
quakes occurring in southeastern Washington is shown to be once 
in 1,850, 4,000, and 16,700 years, with accelerations of O.lg, 
0.15g, and 0.2g, respectively. A shock of 0.10 g or greater 
within the 31,400 square miles considered in the analysis 
would most likely occur along such, as yet, ill-defined struc- 
tures as that on which the Milton-Freewater, Oregon quake 
occurred. Housner also indicates that weaker ground motion 
exceeding 0.025 g in southeastern Washington could be expected 
on the average of about once in 60 years when considering 
earthquake magnitudes greater than 4.5 and less than 8.5. 
Jones and Deacon (23) conclude that "tectonic processes 
resulting in major deformation of the earth's crust follow 
major fault zones without regard to individual geologic or 
physiographic provinces. Persistently active tectonic zones 
can be identified by recurrent earthquake epicenters closely 
spaced along lineations which are related to known and hidden 
faults. Hanford does not lie in a persistently active seismic 
zone." 
The foregoing conclusion is, in general, consistent with 
the estimate of moderate seismicity in the Hanford region. 
Jones and Deacon, however, cite evidence that might indicate the 
possibility of greater seismicity. In particular, they note 
two possible fault systems located adjacent to the Hanford 
Reservation that possibly have had surface displacement in 
historical or at least geologically recent times. The first of 
these is the Saddle Mountain fault just north of the Hanford 
Reservation, which U. S. Geological Survey geologists have 
mapped and concluded to be of questionable importance. The 
second is the hypothesized Rattlesnake Mountain-Wallula-Milton- 
Freewater system. The northwestern end of this system is about 
10 miles south of the waste storage sites. Ground mapping has 
n o t  v a l i d a t e d  t h i s  a s  a  s u r f a c e  o r  n e a r - s u r f a c e  f a u l t  s y s t e m ,  
and t h e  l o c a t e d  e p i c e n t e r s  of  r e c e n t  e a r t h q u a k e s  a r e  n o t  a l o n g  
t h i s  p o s t u l a t e d  l i n e a m e n t .  Some i n v e s t i g a t o r s  have  h y p o t h e s i z e d  
t h a t  t h a t  s t r u c t u r e  f o l l o w s  t h e  Horse Heaven H i l l s  westward t o  
W a l l u l a  Gap, t h e n  nor thwes tward  a l o n g  t h e  R a t t l e s n a k e  H i l l s .  
Data  s u p p o r t i n g  t h a t  e x t e n s i o n  a r e  a l m o s t  s o l e l y  t o p o g r a p h i c ,  
and e v i d e n c e  c o n t r a - i n d i c a t i n g  t h e  e x t e n s i o n  a r e  summarized 
by Brown and by Brown and Brown. ( l o )  Brown t a b u l a t e s  
e i g h t  v e r y  minor  shocks  d e t e c t e d  a t  Hanford t h a t  a p p e a r s  t o  l i e  
a l o n g  an  e a s t - w e s t  zone more n e a r l y  c o i n c i d i n g  w i t h  t h e  Horse  
Heaven H i l l s .  The r e p o r t  by J a h n s  (341 d e s c r i b e s  t h e  r e s u l t s  
of a  f o l l o w - u p  i n v e s t i g a t i o n  s p e c i f i c a l l y  aimed a t  a s s e s s i n g  
t h e  s i g n i f i c a n c e  of t h e s e  two g e o l o g i c a l  f e a t u r e s .  J a h n s  con-  
c l u d e s  t h a t  "no e v i d e n c e  of r e c e n t  o r  h i s t o r i c  ground d i s -  
p l acemen t  h a s  been  r e c o g n i z e d  a l o n g  t h e  t r a c e  of  any f a u l t  i n  
t h e  Hanford  r e g i o n .  F e a t u r e s  p r e v i o u s l y  c i t e d  a s  c o n s t i t u t i n g  
such  e v i d e n c e  a r e  s i g n i f i c a n t l y  d i f f e r e n t - - i n  fo rm,  i n  a t t i -  
t u d e ,  and  i n  l o c a t i o n  w i t h  r e s p e c t  t o  known o r  i n f e r r e d  f a u l t s - -  
from comparable  f e a t u r e s  t h a t  do r e p r e s e n t  a c t i v e  f a u l t s  i n  
o t h e r  r e g i o n s .  A l l  of  them can  b e  r e a d i l y  e x p l a i n e d  i n  t e rms  
of  g e o l o g i c  p r o c e s s e s  n o t  n e c n s s a r i l y  a s s o c i a t e d  w i t h  f a u l t s ,  
and some of them occupy ground where t h e r e  i s  d i r e c t  e v i d e n c e  
a g a i n s t  t h e  e x i s t e n c e  o f  f a u l t s . "  J a h n s  a l s o  recommends " t h a t  
s e i s m i c  d e s i g n  of  s t r u c t u r e s  w i t h i n  t h e  Hanford n u c l e a r  f a c i l i t y  
b e  c o m p a t i b l e  w i t h  t h e  p o s s i b i l i t y  of  modera t e  t o  m o d e r a t e l y  
s t r o n g  ground s h a k i n g  from f u t u r e  e a r t h q u a k e s  i n  t h e  Pasco  
Bas in  and a d j a c e n t  a r e a s .  The d i s t r i b u t i o n  and n a t u r e  o f  
f a u l t s  i n  t h e  r e g i o n  s u g g e s t s  t h a t  a  l o c a l  e a r t h q u a k e  of  
Magnitude 5 . 5  i s  t h e  s t r o n g e s t  t h a t  r e a s o n a b l y  c o u l d  be  .. 
e x p e c t e d .  The p o s s i b i l i t y  of  s u r f a c e  ground r u p t u r e  due  t o  
upward p r o p a g a t i o n  of d i s p l a c e m e n t  a l o n g  any  f a u l t  i n  t h e  
Hanford f a c i l i t y  a r e a  i s  s o  remote  t h a t  i t  c a n  be  s a f e l y  d i s -  
1 1  (34,351 Jahns a. r e g a r d e d .  (341  a p p a r e n t l y  c o n s i d e r s  t h a t  a  l o c a l l y  
o c c u r i n g  e a r t h q u a k e  of  Magni tude  5 . 5  would p roduce  a n  i n t e n s i t y  
of MM-VII, similar to the 1936 Milton-Freewater, Oregon shock. 
The similarity of the basement rocks suggests that this would 
be a reasonable and perhaps the only assumption that could 
logically be made on the basis of the limited seismic record. 
The surficial and/or foundation material on the Hanford Reserva- 
tion, however, is not the same as the material occurring in 
the Milton-Freewater, Oregon area. Therefore, any correlation 
between predicted earthquake magnitudes and response intensities 
for the Hanford Reservation could be seriously misleading. 
Neuman (31) indicated that the Hanford Reservation is in an area 
of southeastern Washington that shows smaller response to distant 
shocks of destructive magnitude than do surrounding areas. 
Other more recent studies, particularly by Raymond, (") tend 
to confirm this. Therefore, Neuman's (31) recommendation that 
an intensity of MM-VI be used as a "sound working value of 
assumed intensity for engineering purposes," would be a more 
realistic assumption while acknowledging the extremely remote 
possibility of experiencing an earthquake intensity of MM-VII. 
An acceleration of approximately 0.07 g/secZ produced at any 
locale in question by an earthquake of MM-VIIII would be insuf- 
ficient to alter the ground surface. Earthquakes with intensi- 
ties exceeding MM-VIII usually have accompanying ground cracking 
and fissures . 
Earth Slides 
Increased rainfall or irrigation could lead to minor land- 
slides or ground swells along banks of the Columbia River in 
the Hanford region. However, neither the magnitude nor location 
of these disturbances are regarded as a threat to the integrity 
of the long-term waste management program. 
The filling of the pool behind the proposed Ben Franklin 
Dam site near Richland, Washington could result in some bank 
slides into the river. Some slide activity, all relatively 
minor, has been recently observed. 
The r i v e r  banks where s l i d e s  a r e  most l i k e l y  a r e  on t h e  
r i v e r  s i d e  o p p o s i t e  from t h e  Hanford Complex. The g e n t l e  s l o p e  
of t h e  l a n d  on t h e  Hanford s i d e  of  t h e  r i v e r  p r e v e n t s  t h e s e  
s l i d e s  from forming a  dam of  s u f f i c i e n t  s i z e  t o  r e t a i n  and 
s i g n i f i c a n t l y  i n c r e a s e  t h e  w a t e r  l e v e l  o f  t h e  r i v e r .  The most 
e x t e n s i v e  s l i d e  t h a t  can  be p o s t u l a t e d  might  cause  some v e r y  
l o w - l e v e l  p o o l i n g  of  t h e  r i v e r  and might f i l l  t h e  p r e s e n t  r i v e r  
c h a n n e l .  S l i d e  m a t e r i a l  volumes approach ing  one m i l l i o n  c u b i c  
f e e t  would b e  r e q u i r e d  t o  produce r i v e r  p o o l i n g .  The r i v e r  
would immedia te ly  b e g i n  t o  wash away t h e  s l i d e  m a t e r i a l  composed 
of s a n d ,  s m a l l  g r a v e l ,  and r o c k s  of  a  few i n c h e s  maximum 
d i a m e t e r .  I f  one assumes t h e  s l i d e  m a t e r i a l  i s  a b l e  t o  b l o c k  
t h e  r i v e r  channe l  a t  a  r i v e r  f low r a t e  of 150,000 c f s  (normal 
f low r a t e s  r ange  from 50,000 t o  400,000 c f s ) ,  t h e n  a  r i v e r  
e l e v a t i o n  r i s e  of  a  few f e e t  t o  a  few t e n s  of f e e t  would r e s u l t .  
T h i s  r i s e  would r e s u l t  i n  s u r f a c e  w a t e r  moving a  few hundred t o  
a  maximum of  a  few thousand f e e t  toward t h e  200 Area P l a t e a u .  
Of c o u r s e ,  t h e  s l i d e  f i l l  would q u i c k l y  be  washed o u t  and t h e  
r i v e r  would soon r e t u r n  t o  approx imate ly  i t s  former  f l o w  p a t h .  
While such  a c t i o n  cou ld  be of  conce rn  f o r  r i v e r  bank i n s t a l l a -  
t i o n s ,  no n e t  e f f e c t s  from such a n  even t  would be ev idenced  a t  
t h e  200 Area P l a t e a u .  
I r r i g a t i o n  p r o j e c t s  n e a r  t h e  banks of t h e  Columbia R i v e r  
may c o n t r i b u t e  t o  some s m a l l  l a n d s l i d e s  on t h e  r i v e r  banks .  
I n c r e a s e d  w a t e r  l o a d i n g  of t h e  h i g h  i r r i g a b l e  ground may c a u s e  
a d d i t i o n a l  s l i d e s .  No i r r i g a t i o n  p r o j e c t s  a r e  now s u f f i c i e n t l y  
n e a r  t h e  w a s t e  s t o r a g e  a r e a s  t o  produce  s i g n i f i c a n t  changes i n  
t h e  ground w a t e r  o r  s u r f a c e  w a t e r  f low p a t t e r n s  o r  r a t e s .  The 
e f f e c t s  o f  any s l i d e s  r e s u l t i n g  from i r r i g a t i o n  programs would 
be s i m i l a r  t o  thos 'e  t h a t  might  r e s u l t  from t h e  f o r m a t i o n  of t h e  
Ben F r a n k l i n  Dam p o o l .  
G R O U N D  W A T E R  
A m a j o r  f a c t o r .  ir, t h e  o v e r a l l  a s s e s s m e n t  of  t h e  s a f e t y  of  
s t o r i n g  r a d i o a c t i v e  w a s t e s  on t h e  Hanford  P l a t e a u  i s  t h e  
e x t r e m e l y  s low m i g r a t i o n  r a t e  o f  any r a d i o n u c l i d e c  t h r o u g h  t h e  
u n s a t u r a t e d  s o i l s  above t h e  ground  w a t e r  t a b l e .  The d e c a y  
p e r i o d  a f f o r d e d  i n  t h i s  zone w i l l  b e ,  o f  c o u r s e ,  d i r e c t l y  p r o -  
p o r t i o n a l  t o  t h e  d e p t h  of  t h e  r e l a t i v e l y  d r y  s o i l  column above  
t h e  , t ~ a t e r  t a b l e .  
Ben F r a n k l i n  Dam 
The f l o w  s;fstern a n a l y s i s  p h a s e  o f  t h e  Ben F r a n k l i n  Dam 
s t u d y  i n d i c a t e s  t h a t  i n s t a l l a t i o n  o f  t h e  dain would s i g n i f i c a n t l y  
a f f e c t  t h e  w a t e r  tab1.e e l e v a t i o n ,  f l o w  p a t h s ,  and t r a v e l  t i m e s  
o f  t h e  ground  water* u n d e r  t h e  200 Area P l a t e a u .  (36 '  F i g u r e  3 
shows t h e  p roposed  l o c a r i o n  o f  t h e  Ben F r a n k l i n  Dam, t h e  
s t r e a m l i n e  f l o l ~  p a t h s  a f  t h e  ground w a t e r ,  c n d  t h e  w a t e r  t a b l e  
c o n t o u r s  i n 1  i 2 e t  above mean s e a  l e v e l .  The most  p ronounced  
e f f e c t s  would be  e x p e r i e n c e d ,  a s  e x p e c t e d ,  i n  t h e  immedia te  
v i c i n i t y  o f  t h c  d'l::i., i+laximum i n c r e a s e s  i n  t h e  s t e a d y - s t a t e  
w a t e r  t a b l e  e l e v a t i o n s  o f  20 and 25 f t  f o r  200 West and 200 E a s t  
A r e a s ,  r e s p e c t i v e l y ,  a r e  p r e d i c t e d  f o r  t h e  maxiinurn r e s e r v o i r  
e l e v a t i o n  of 400 Ei above mean s e a  _I.cvel and a  Col.unbia R i v e r  
f l o w  r a t e  of  150 ,000  c f s .  The lower  r e s e r v o i r  e l e v a t i o n  con-  
s i d e r e d ,  385  ft above  s e a  l e v e l ,  and l e s s e r  r i v e r  d i s c h a r g e  
r a t e s  would h a v e  c o r r e s p o n d i n g l y  l e s s  e f f ' c c t  on. wat.er t a b l e  
i n c r e a s e s ,  f iorz p a t h s ,  and t r a v e l  t i n e s .  
The most  n o t i c e a b l e  change  p r e d i c t e d  f o r  groilrld w a t e r  f l o w  
p a t h s  would b e  f o r  w a t e r  m i g r a t i n g  f r o n  b e n e a t h  20i)  E a s t  A r e a .  
The low l e v e l  d i s p o s a l  s i t e s  i ~ n  t ,he 200 East  k e a ,  w i t h  t ,he  
dam i n  p l a c e ,  a r e  n e a r  t h e  p r e d i c t e d  ground  w a t e r  s t a g n a t i o n  
p o i n t .  Thus ,  w a t e r  movcnent i n  t h i s  a r e a  is s e n s i t i v e  tc r e l a -  
t i v e   mall changes  i n  s y s l e m  condi:t:i.on:;. T'l~e s t u d y  r e s u l t s  
i n d i c a t e  t h a t ,  with t h e  dam i n  p l a c e ,  g r o u n d  w a t e r  f rom t h e  
FIGURE 3. Ben Franklin Dam Water Contours 
n o r t h e r n  p a r t  of t h e  a r e a  may no l o n g e r  f low s o u t h  and e a s t  
toward  t h e  r i v e r ,  a s  a t  p r e s e n t ,  b u t  c o u l d  f l o w  nor thward  
t h r o u g h  t h e  Gable  B u t t e - G a b l e  Mountain gap  and s u b s e q u e n t l y  
i n t o  t h e  r i v e r  n e a r  t h e  100 A r e a s .  The f l o w  sys t em a n a l y s i s  
and p a s t  ground w a t e r  m o n i t o r i n g  d a t a  i n d i c a t e  t h i s  p a t h  a s  
one p r e s e n t l y  t a k e n  by w a s t e  c o o l i n g  w a t e r  d i s c h a r g e d  t o  t h e  
Gable  Mountain Swamp n o r t h e a s t  o f -  200 E a s t  Area .  
Water d i s c h a r g e d  t o  t h e  ground i n  t h e  v i c i n i t y  of  t h e  
Gable  Mountain Swamp would f l o w  n o r t h e a s t e r l y  toward t h e  
r i v e r .  The t r a v e l  t ime  of  t h e  ground w a t e r  t o  t h e  r i v e r  a l o n g  
t h i s  f l o w  p a t h  i s  t h e  s h o r t e s t  p r e d i c t e d  f o r  w a t e r  moving from 
any l o c a t i o n  i n  o r  n e a r  200 E a s t  A r e a - - a b o u t  t h r e e  y e a r s .  The 
m i g r a t i o n  r a t e  of  any r a d i o n u c l i d e s  r e a c h i n g  t h i s  f l o w  p a t h  
would b e  o r d e r s  of magni tude  l e s s  t h a n  t h e  w a t e r  f l o w  r a t e ,  a s  
i n d i c a t e d  e a r l i e r .  
The e x p e c t e d  f low r o u t e s  f o r  w a s t e s  f rom t h e  200 West 
Area d i s p o s a l  s i t e s  would a l s o  b e  no r thward  t o  t h e  r i v e r .  
Along s u c h  p a t h s ,  t h e  t r a v e l  t i m e s  a r e  o n l y  s l i g h t l y  s h o r t e r  
t h a n  a l o n g  t h e  s o u t h e r n  f l o w  p a t h s  o f  t h e  p r e s e n t  ground w a t e r  
f low s y s t e m ,  and minimum t r a v e l  t i m e s  would n o t  be a p p r e c i a b l y  
d i f f e r e n t  t h a n  unde r  p r e s e n t  c o n d i t i o n s .  The a n a l y s i s  does  n o t  
r e v e a l  t h e  e x i s t e n c e  of  any u n t e n a b l e  c o n d i t i o n s  w i t h  r e g a r d s  
t o  200 Areas  w a s t e  management o p e r a t i o n s  due  t o  t h e  c o n s t r u c -  
t i o n  of Ben F r a n k l i n  Dam. 
I r r i g a t i o n  
G e n e r a l  q u a n t i t a t i v e  s t a t e m e n t s  c a n n o t  b e  made on t h e  
d e t r i m e n t a l  o r  b e n e f i c i a l  e f f e c t s  of  i r r i g a t i n g  any s p e c i f i c  
a r e a  w i t h o u t  d e t a i l e d  s i m u l a t i o n  mode l ing .  The r e l a t i v e l y  
complex n a t u r e  of t h e  ground w a t e r  f l o w  sys t em r e q u i r e s  t h a t  
t h e  a r e a s  c o n s i d e r e d  f o r  i r r i g a t i o n  ( o r  o t h e r  t y p e  o f  w a t e r  
amendment) be  s p e c i f i e d  a l o n g  w i t h  a  p r o b a b l e  ground w a t e r  
r e c h a r g e  r a t e . '  
When c o n s i d e r i n g  t h e  v e r y  long p e r i o d s  ( c e n t u r i e s )  of con- 
c e r n  i n  t h i s  long- te rm s t o r a g e  h a z a r d s  a n a l y s i s ,  one needs t o  
i n c l u d e  i n  any e v a l u a t i o n  t h e  d i s t a n t  f u t u r e  changes i n  t h e  
ground w a t e r  f low regime due t o  i r r i g a t i o n  and o t h e r  p o s s i b l e  
f a c t o r s .  The e f f e c t s  of  i r r i g a t i o n  on v a r i o u s  s e c t o r s  of t h e  
Hanford P r o j e c t  were e v a l u a t e d  by s i m u l a t i o n  t e c h n i q u e s  t o  
e s t i m a t e  wa te r  t a b l e  e l e v a t i o n  and f low c h a r a c t e r i s t i c s ,  
p a r t i c u l a r l y  i n  t h e  v i c i n i t y  of  t h e  200 Areas .  Q u a l i t a t i v e l y ,  
i r r i g a t i o n  of any s i z e a b l e  a r e a  on t h e  Hanford P r o j e c t  c o u l d ,  
depending upon t h e  l o c a t i o n  and s i z e  of t h e  a r e a  i r r i g a t e d ,  
i n c r e a s e  t h e  wa te r  t a b l e  e l e v a t i o n  benea th  t h e  200 Areas t o  
v a r y i n g  d e g r e e s .  The l e a s t  pronounced e f f e c t  would r e s u l t  from 
i r r i g a t i n g  a r e a s  c l o s e  t o  R ich land .  The most pronounced wa te r  
t a b l e  e l e v a t i o n  i n c r e a s e s  would r e s u l t  from i r r i g a t i o n  of a r e a s  
west  of t h e  200 Areas and ,  t o  a  somewhat l e s s e r  d e g r e e ,  from 
a r e a s  immedia te ly  e a s t  of t h e  200 Areas u s i n g  w a t e r  from an o u t -  
s i d e  s o u r c e  such a s  t h e  Columbia R i v e r .  The e f f e c t s  of  u s i n g  
ground w a t e r  from w e l l s  west  of t h e  200 Areas were n o t  e v a u l a t e d .  
However, c o n t r o l l e d  s p r i n k l e r  i r r i g a t i o n  u s i n g  ground w a t e r  
"upstream" from Hanford conce ivab ly  cou ld  be developed t o  
a c t u a l l y  improve ground w a t e r  management. 
Changes i n  ground wa te r  t r a v e l  t imes  a r e  even more 
d i f f i c u l t  t o  f o r e c a s t .  Flow p a t h s  and a s s o c i a t e d  t r a v e l  t imes  
from t h e  200 Areas  toward s u r f a c e  w a t e r s  (Yakima and Columbia 
- R i v e r s )  a r e  dependent  upon t h e  ground wa te r  g r a d i e n t s  and t h e  
wa te r  p e r m e a b i l i t y  of t h e  s o i l  m a t e r i a l s  a l o n g  t h e  f low p a t h s .  
G e n e r a l l y ,  a s  t h e  wa te r  t a b l e  r i s e s ,  wa te r  e n t e r s  m a t e r i a l s  
more permeable t h a n  a r e  t h e  p r e s e n t l y  s a t u r a t e d  a q u i f e r s  ( i n d i -  
c a t i v e  of a  f z s t e r  t r a v e l  t i m e ) .  However, a  t h i c k e r  a q u i f e r  
r e s u l t i n g  from a  r a i s e d  wa te r  t a b l e  can t r a n s m i t  comparable 
wa te r  volumes a t  lower average  f low r a t e s .  An i n c r e a s e  o r  
d e c r e a s e  i n  t h e  ground wa te r  g r a d i e n t  depends upon t h e  a r e a  
i r r i g a t e d ,  whether  t h e  i r r i g a t i o n  wa te r  i s  o b t a i n e d  from t h e  
ground w a t e r  o r  a  d i s t a n t  s o u r c e ,  and t h e  i n t e g r a t e d  e f f e c t s  
of  such  i r r i g a t i o n  upon t h e  e n t i r e  sys t em.  Q u a l i t a t i v e l y ,  
any changes  s h o u l d  b e  avo ided  t h a t  might  c a u s e  p o t e n t i a l l y  con-  
t a m i n a t e d  ground w a t e r s  u n d e r  t h e  200 Areas  t o  e n t e r  t h e  perme- 
a b l e  f l o w  c h a n n e l s  a l o n g  e i t h e r  s i d e  of  Gable  Mounta in .  Nominal 
p r e s e n t  f l o w  t imes  from 200 E a s t  Area t o  t h e  Columbia R i v e r  
a l o n g  some p a r t i c u l a r  p a t h s  n e a r  Gable  Mountain a r e  o n l y  a  few 
y e a r s .  A l s o ,  t h e  i o n  exchange c a p a c i t y  o f  t h e  r e l a t i v e l y  c o a r s e  
m a t e r i a l s  ( s ands  and g r a v e l s )  i n  t h e s e  c h a n n e l s  i s  l e s s  t h a n  
t h a t  found e l s e w h e r e .  
E X T E R N A L  E X P L O S I O N S  
Imvact Crashes  
I t  i s  p o s s i b l e  t o  p o s t u l a t e  e v e n t s  such  a s  a i r p l a n e  c r a s h e s  
and accompanying s u r f a c e  e x p l o s i o n s  o r  impacts  t h a t  might  remove 
o r  p e n e t r a t e  t h e  w a s t e  t a n k  ove rburden .  Once t h e  t a n k  dome i s  
f i l l e d ,  e x t e r n a l  impacts  f rom s m a l l  p r o p e l l e r  d r i v e n  a i r c r a f t  
would n o t  g e n e r a l l y  b e  a b l e  t o  p e n e t r a t e  t h e  ove rburden  and 
r e a c h  t h e  s a l t  c a k e .  J e t  a i r c r a f t  c o u l d  b e  e x p e c t e d  t o  
p e n e t r a t e  t o  40 o r  more f e e t ,  depend ing ,  of  c o u r s e ,  on a i r c r a f t  
t y p e  and t h e  impact  c o n d i t i o n s .  F i r e s  and p o s s i b l e  e x p l o s i o n s  
c o u l d  b e  e x p e c t e d  t o  f o l l o w  such  a  c r a s h ,  a l t h o u g h  f r e q u e n t l y  
f o r  t h e s e  t y p e s  of  impac t s  t h e  a i r c r a f t  i s  h i g h l y  compacted 
w i t h  l i t t l e  o r  no d e b r i s  s p r e a d  more t h a n  a  few hundred  y a r d s  
from t h e  impact  s i t e .  
One may e s t i m a t e  t h e  p r o b a b i l i t y  o f  such  an a c c i d e n t  by 
assuming t h e  number of  t h e  a c c i d e n t s  of t h i s  t y p e  p e r  y e a r  and 
t h e  a r e a  o v e r  which t h e y  o c c u r .  I f  one makes t h e  l i b e r a l  
a s sumpt ion  t h a t  10 p l a n e  c r a s h e s  of h i g h  s u r f a c e  impact  o c c u r  
p e r  y e a r  o v e r  an a r e a  t h e  s i z e  of t h e  U n i t e d  S t a t e s ,  and t h a t  
t h e  a r e a  of t h e  t a n k  f a rms  a v a i l a b l e  f o r  p o s s i b l e  impact  i s  
0 . 1  s q u a r e  m i l e s ,  t h e n  t h e  p r o b a b i l i t y ( 3 7 )  of a  t a n k  farm h i t  
i s :  
BNWL- 1194 
where P is the probability of a tank farm hit in any given year 
a is the area of the tank farm, 0.1 sq miles 
A is the area of the United States, 3 x lo6 sq miles 
N is the number of high impact aircraft crashes per 
year, 10 
P is equal to 3 x per year. 
This calculation assumes every part of the United States 
has an equal probability of experiencing a high impact aircraft 
crash. This calculation is clearly conservative, since all 
commercial aircraft are required to fly on assigned courses and, 
at least currently, these courses do not overfly the Hanford 
Complex. Also, the military aircraft overflights are not 
routine. The conservative assumptions tend to overestimate the 
probability. The actual probability is less than 3 x per 
year. 
Nuclear W e a ~ o n  Im~act 
A surface explosion of a nuclear weapon on a tank farm is 
an unlikely event. However, a nuclear attack merits considera- 
tion in view of the aimability and target selectability of an 
enemy force, and the long time period of interest. A typical 
tank farm of about 500 ft on a side contains 12 waste storage 
tanks. Some tank farm complexes may contain as many as 36 tanks 
and measure about 1000 ft on a side. The minimum.sized weapon 
capable of vaporizing or totally dispersing a large tank farm 
complex of 1000 ft on a side for surface burst conditions 
would be on the order of a few hundred kilotons. If one assumes 
L 
a direct hit by a 300 kiloton (kT) weapon, then the tank farm 
contents would be dispersed to the atmosphere and a crater 150 
to 200 ft deep would remain. For a major tank farm complex of 
36 tanks with an average content as shown for a typical tank in 
Table 1, the radionuclide inventory shown in Table 2 would be 
dispersed to the atmosphere. 
For the tank farm inventories considered here, the 1 3 7 ~ s  
and 'OSr produced by a 300 kiloton weapon would be about 1% 
of the total quantities dispersed. A 3 megaton weapon would 
account for about 10% of the total auantitv of 1 3 7 ~ s  and ''ST 
dispersed. The weapon contributions of Z ~ ~ P U ,  240~u, 241~u, 
242iu, and 241~m are neglected in this presentation. 
For a 3 megaton nuclear weapon, a size more likely to be 
used by an enemy, the maximum distances and areas requiring 
control action are shown in Table 3. For these considerations, 
the 3 megaton weapons are assumed to attain all of their power 
from the fission process. Except for the calculated fallout 
dose rate, this assumption does not enter into the results of 
the analysis. Essentially all of the radioactivity dispersed 
as the result of a tank farm hit originates from the stored 
waste--not from the weapon. 
TABLE 3 .  A n t i c i p a t e d  M a x i m u m  E x t e n t  of C o n t r o l  A c t i o n  R e q u i r e d  
f r o m  a 3 MT W e a p o n  
Distance, Area, 
Radionuclides miles square miles Possible Action 
<lo Confiscate Crops 
(one year) 
'Osr 300 20,000 Confiscate Crops 
(one year) 
2 3 9 ~ u  <10 (10 Evacuate People 
2 4 1 ~ u  <lo <lo Evacuate People 
<lo <lo Evacuate People 
For a 300 kiloton weapon, the only difference from Table 3 
is for 'OSr where the distance and area requiring the control 
action would become 260 and 15,000, respectively. Since each 
weapon is capable of destroying the entire tank farm, the 
difference derives from the dilution difference between 
300 kiloton and 3 megaton weapons. 
The p o s s i b l e  a c t i o n  of  c o n f i s c a t i n g  c r o p s  f o r  one y e a r  
m 
d e r i v e s  from a  ground c o n t a m i n a t i o n  l e v e l  of  1000 p ~ i / m L  and 
10 p c i / m 2  f o r  1 3 7 ~ s  and ' O S ~ ,  r e s p e c t i v e l y .  I t  s h o u l d  b e  c l e a r  
t h a t  t h i s  i s  p r e s e n t e d  a s  a  p o s s i b l e  a c t i o n  t o  i n d i c a t e  t y p e s  of 
a c t i o n s  t h a t  migh t  b e  needed .  The c o n d i t i o n s  and p a r t i c u l a r  
c r o p s  i n v o l v e d  would have  t o  b e  c o n s i d e r e d  i n  some d e t a i l  b e f o r e  
d e c i d i n g  on an  a c t i o n  p l a n .  
The d o s e  r a t e  due  t o  f a l l o u t  from t h e  weapons would b e  
g r e a t e r  t h a n  t h e  c o n t r i b u t i o n s  from t h e  1 3 7 ~ s  d i s p e r s e d  from 
t h e  w a s t e  f o r  t h e  f i r s t  4 months a f t e r  t h e  d e t o n a t i o n s .  Twelve 
h o u r s  a f t e r  t h e  d e t o n a t i o n s ,  t h e  weapons f a l l o u t  a t  a  d i s t a n c e  
of 200 m i l e s  downwind i s  15.000 t i m e s  t h e  1 3 7 ~ s  c o n t r i b u t i o n .  
a t  4 months t h e y  a r e  a b o u t  e q u a l ,  and a t  one y e a r  t h e  1 3 7 ~ s  
from t h e  d i s p e r s e d  t a n k  farm w a s t e s  exceeds  t h e  weapons f a l l o u t  
c o n t r i b u t i o n s  by a  f a c t o r  of  10 .  For  t h e  d i s t a n c e  and c o n d i -  
t i o n s  u s e d  i n  t h i s  example,  t h e  1 3 7 ~ s  dose  r a t e  a t  1 y e a r  
amounts t o  o n l y  0.2 mrad /h r .  
P L A N T  A N D  A N I M A L  A C T I V I T I E S  
I n  a d d i t i o n  t o  t h e  p h y s i c a l  e f f e c t s  d i s c u s s e d ,  t h e  p o s s i b l e  
e f f e c t  f rom p l a n t  growths  and an ima l  a c t i v i t i e s  s h o u l d  b e  con-  
s i d e r e d .  P e r e n n i a l  p l a n t s  may d e v e l o p  r o o t  sys t ems  r e a c h i n g  t o  
t h e  d e p t h  a t  which t h e  s a l t  c a k e s  a r e  found.  (38) Any m o i s t u r e  
c e n t e r s  n e a r  t h e  s t o r e d  w a s t e  would a t t r a c t  r o o t  s y s t e m s .  The 
h e a t  from t h e  s t o r e d  w a s t e  might  s t i m u l a t e  r o o t  g rowth .  Root 
sys t ems  would b e  e x p e c t e d  t o  d e v e l o p  i n  a  n i t r o g e n - r i c h  
n u t r i e n t  l a y e r  a b o u t  t h e  s a l t  cake  where t h e  f o o d ,  m o i s t u r e ,  
and t e m p e r a t u r e  a r e  f a v o r a b l e .  These r o o t  sys t ems  would 
p r o v i d e  a  mechanism t o  t r a n s p o r t  r a d i o n u c l i d e s  t o  t h e  p l a n t  
growth above  t h e  s o i l  s u r f a c e .  I t  would n o t ,  t h e r e f o r e ,  b e  
a d v i s a b l e  t o  p e r m i t  p e r e n n i a l  p l a n t  growths  o v e r  t h e  w a s t e  
s t o r a g e  l o c a t i o n ,  and f a rming  a c t i v i t i e s ,  i n  p a r t i c u l a r ,  would 
n o t  b e  d e s i r a b l e .  The u s e  of  a  s o l i d  ground c o v e r  f o r  wind and  - .  
w a t e r  e r o s i o n  p r o t e c t i o n  c o u l d  s e r v e  t o  p r e v e n t  t h e  t r a n s f e r  o f  
radionuclides to the soil surface through this biological 
system. If a porous soil stabilizing overcover is used, a 
high concentration of copper or other ions that are chemically 
stable could be used as a -total deterrent to plant growth over 
the waste storage area. 
Animal life will not be found below about 10 ft. 1391 
Hence, animals will not burrow into the salt cakes or transfer 
any of these waste to the soil surface. 
One may postulate a case of human encounter with the 
waste by digging in locations not properly marked and main- 
tained. Maintenance inspection necessary to detect and correct 
for any wind or water erosion can be extended to assure pre- 
servation of the area in an adequately posted and controlled 
status. Under these conditions, human actions will not lead 
to unknowingly uncovering or disturbing the buried 
radionuclides. 
R E T R I E V A L  
The hazard analysis considerations of indefinite long- 
term storage, perhaps for hundreds of centuries, differ from 
the hazard analysis considerations for most nuclear facilities 
requiring analysis and predictions of events over the useful 
life of a plant facility, usually 25 years or less. The con- 
fidence level of predicting the course of events for a few 
decades is orders of magnitude beyond that for predictions over 
hundreds of centuries. It is appropriate, therefore, to con- 
sider the questions of retrievability and the alternatives 
available in case of unforeseen events for such a long-term 
waste storage concept as that of In-Tank-Solidification. 
It may be assumed that currently unforeseeable conditions 
may develop in the future such that the contaminated solidified 
salts should be moved to another location. It should also be 
assumed that the storage tanks will have lost their integrity 
and ,  c o n s e q u e n t l y ,  a  r e t r i e v a l  and t r a n s p o r t  program b a s e d  p r i -  
m a r i l y  on t h e  h a n d l i n g  of  c o n t a m i n a t e d  s o l i d s  would b e  needed .  
There  a r e  no i n s u r m o u n t a b l e  problems i n  "mining" and packag ing  
t h e s e  c o n t a m i n a t e d  s o l i d s  u s i n g  c u r r e n t l y  a v a i l a b l e  t e c h n o l o g y .  
E r e c t i o n  of  a  temporary  t y p e  con ta inmen t  c o n t a m i n a t i o n  c o n t r o l  
b u i l d i n g  o v e r  t h e  s a l t  c a k e  s i t e  would p r o b a b l y  be  r e q u i r e d .  
S h i e l d e d  o r  r e m o t e l y  o p e r a t e d  shove l - s  c o u l d  b e  used  t o  p l a c e  t h e  
s a l t  c a k e  i n t o  c o n t a m i n a t i o n - t i g h t  c o n t a i n e r s .  These  c o n t a i n e r s  
c o u l d  be  s e a l e d ,  s h i e l d e d ,  and s h i p p e d  t o  o t h e r  w a s t e  d i s p o s a l  
s i t e s ,  o r  t r a n s p o r t e d  t o  n e a r b y  f a c i l i t i e s  such  a s  t h e  Hanford 
canyon b u i l d i n g s  f o r  s t o r a g e  o r  a d d i t i o n a l  p r o c e s s i n g .  T h i s  
r e c o v e r y  may become e a s i e r  a t  a  much l a t e r  d a t e  t h a n  i s  c u r r e n t l y  
e n v i s i o n e d ,  p o s s i b l y  due  t o  new t e c h n o l o g i e s  and equ ipmen t ,  and 
c e r t a i n l y  due t o  t h e  decay  of t h e  1 3 7 ~ s  and 9 0 ~ r  i n v e n t o r i e s .  
I f  s u c h  a  r e l o c a t i o n  program were t o  become n e c e s s a r y ,  
r e t r i e v i n g  and moving t h e  b u r i e d  s a l t  c a k e s  would c o n s t i t u t e  
b u t  a  p a r t  o f  a l a r g e  s o l i d  w a s t e  r e c o v e r y  program t h a t  migh t  
i n c l u d e  r e c o v e r y  of  c o n t a m i n a t e d  t a n k s ,  p i p e l i n e s ,  b u r i a l  
g r o u n d s ,  and s o i l  from c r i b s ,  swamps, and s i t e s  o f  p r o c e s s  l e a k -  
age .  The r e a c t o r  b u i l d i n g s  and t h e  chemica l  p r o c e s s i n g  p l a n t  
b u i l d i n g s  a l s o  c o n t a i n  s i g n i f i c a n t  amounts o f  r a d i o n u c l i d e s  
c o n s t i t u t i n g  a  r e t r i e v a l  problem somewhat s i m i l a r  t o  t h e  r a d i o -  
a c t i v e  m a t e r i a l s  i n  t h e  t a n k s .  The o b j e c t i v e s  and r e q u i r e m e n t s  
of  any  f u t u r e  r e l o c a t i o n  program would d e t e r m i n e  t h e  d e g r e e  of  
r e l o c a t i o n  r e q u i r e d .  No new o r  u n i q u e  r e t r i e v a l  problems a r e  
g e n e r a t e d  by a d o p t i n g  t h e  I n - T a n k - S o l i d i f i c a t i o n  c o n c e p t .  
I t  a p p e a r s  t h a t  any c o n d i t i o n s  t h a t  might  p o s e  a  h a z a r d  t o  
t h e  s t o r e d  w a s t e  would d e v e l o p  o v e r  a  p e r i o d  of  y e a r s .  Through 
p e r i o d i c  o b s e r v a t i o n s ,  t h e  chang ing  c o n d i t i o n s  s h o u l d  b e  
d e t e c t e d .  A c t i o n s  t o  r e v e r s e  o r  p r e v e n t  impending changes  i n  
s t o r a g e  c o n d i t i o n s ,  o r  t o  r e t r i e v e ,  r e p r o c e s s ,  o r  r e l o c a t e  t h e  
s a l t  c a k e  w a s t e  c o u l d  b e  p l a n n e d ,  i n i t i a t e d ,  and comple ted  i n  a  - .  
t i m e l y  manner t o  a v o i d  t h e  consequences  of  t h e  d e v e l o p i n g  
h a z a r d s .  
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A P P E N D I C E S  
A P P E N D I X  A  
W I N D  E R O S I O N  C O N S E Q U E N C E S  
I f  p a r t  of a  t a n k  farm were uncovered by wind e r o s i o n ,  
c o n t i n u i n g  e r o s i o n  would s lowly  remove t h e  m a t e r i a l  from t h e  
exposed s a l t  cakes  and d i s p e r s e  i t  i n  a  downwind d i r e c t i o n .  
The remains of t h e  o l d  conta inment  t ank  i t s e l f  might p r o v i d e  
some conta inment  and p r o t e c t i o n  a g a i n s t  t h i s  e r o s i o n .  However, 
f o r  p r e d i c t i n g  t h e  wors t  p o s s i b l e  s i t u a t i o n ,  no p r o t e c t i o n  by 
t h e  t a n k  i s  assumed. 
The r a t e  of w e a t h e r i n g  of t h e  s a l t  would be s low.  For 
purposes  of t h i s  c a l c u l a t i o n ,  t h e  f o l l o w i n g  a r e  t a k e n  a s  t y p i c a l  
of t h e  wors t  c o n d i t i o n s  and e r o s i o n  r a t e s  t o  be  e n c o u n t e r e d :  
The e q u i v a l e n t  of t h e  e n t i r e  t o p  s u r f a c e  a r e a  of  one 
s a l t  cake i s  exposed t o  wind e r o s i o n  by t h e  removal of  
t h e  overburden 
An e r o s i o n  r a t e  of 1 i n .  of  s a l t  cake  p e r  day o c c u r s  
The e r o s i o n  l a s t s  one day p r i o r  t o  d i s c o v e r y  and c o r r e c -  
t i v e  a c t i o n  
The 1 3 7 ~ s  i s  d i s p e r s e d  un i fo rmly  th roughou t  t h e  s a l t  cake  
The i s  c o n c e n t r a t e d  i n  t h e  bot tom l a y e r  of p r e -  
c i p i t a t e d  hydrous me ta l  o x i d e s  i n  t h e  s a l t  c a k e .  A 
maximum of  10% o f  t h e  t o t a l  t ank  i n v e n t o r y  of 'Osr i s  
u n i f o r m l y  d i s p e r s e d  i n  t h e  s a l t  cake  14 0  
The p lu tonium and americium r a d i o n u c l i d e s  a r e  concen- 
t r a t e d  i n  t h e  bot tom l a y e r  of p r e c i p i t a t e d  hydrous me ta l  
o x i d e s  i n  t h e  s a l t  c a k e .  A maximum of  1 0 %  of t h e  t o t a l  
t a n k  i n v e n t o r y  of t h e s e  r a d i o n u c l i d e s  i s  u n i f o r m l y  d i s -  
p e r s e d  i n  t h e  s a l t  cake  140 ) 
The exposed s a l t  cake m a t e r i a l  c o n t a i n s  t h e  maximum 
r a d i o n u c l i d e  i n v e n t o r y  a s  g iven  i n  Table  1 
The s a l t  cake  measures 75 f t  i n  d i a m e t e r  and i s  17 .5  f t  i n  
h e i g h t  (an assumed t y p i c a l  t a n k  f i l l i n g ) .  
The c o n c e n t r a t i o n s  of 1 3 7 ~ s ,  ''ST, 2 3 9 ~ u ,  2 4 1 ~ u ,  and 2 4 1 ~ m  i n  
t h e  b u l k  s a l t  c a k e ,  n o t  i n c l u d i n g  t h e  s l u d g e  m a t e r i a l s  a t  t h e  
bottom of t h e  s a l t  c a k e ,  a r e  shown i n  Table  A - 1 .  
TABLE A-1.  Rad ionuc l ide  C o n c e n t r a t i o n s  
Rad ionuc l ide  
A f t e r  abou t  100 y e a r s  of decay ,  t h e  2 4 1 ~ ~  i n v e n t o r y  w i l l  
have e x p e r i e n c e d  some seven  h a l f - l i v e s  of  decay and w i l l  be 
approaching z e r o ,  w h i l e  t h e  2 4 1 ~ m  i n v e n t o r y  w i l l  be  n e a r i n g  i t s  
maximum of abou t  60 C i .  The c o n c e n t r a t i o n  of 2 4 1 ~ m  i n  t h e  s a l t  
3  cake w i l l  t h e n  be 3  x l o e 9  Ci/cm . 
For t h e  c o n d i t i o n s  assumed, t h e  t o t a l  number of c u b i c  
7 c e n t i m e t e r s  of  s a l t  cake  eroded away i s  1 x 10 . 
The t o t a 1 , r a d i o n u c l i d e  i n v e n t o r y  d i s p e r s e d  t o  t h e  atmo- 
s p h e r e  p e r  day from t h i s  e v e n t  i s  g i v e n  i n  Tab le  A - 2 .  
TABLE A-2. Radionuc l ides  Dispersed  
Rad ionuc l ide  T o t a l  Ci/day 
137cs 7 x 10 3  
'Osr 7 x 10 2 
2 3 9 ~ u  2 x 1 0 - I  
2 4 1 ~ u  3  x 1 0 - I  
'A, 2 x 
For an erosion time of 24 hr, the average release rate in 
curies per second is given in Table A-3. 
TABLE A-3. Radionuclide Release Rate 
Release Rate 
Radionuclide Ci/sec 
1 3 7 ~ s  8 x lo-' 
For this example, a 10 m/sec wind speed under very stable 
atmospheric conditions was considered. For these conditions, 
the ground level air concentrations and the ground dispositions 
at various distances downwind were taken from the work of 
-4 (41) The Watson using a deposition coefficient of 1.5 x 10 . 
ground level air concentrations are shown in Table A-4. 
TABLE A-4. Ground Level Air Concentrations 
Distance, Average Ground Level Air Concentrations 
m Over 24-hr Period, ]~Ci/cm3 
1 3 7 ~ s  'Osr 2 3 9 ~ u  2 4 1 ~ u  
lo2 3 3 8 x lo-' 1 x 8 x 10-lo 
For a person exposed the entire 24-hr period, the maximum 
possible quantity of radionuclides entering the body by inhala- 
tion can be calculated from the standard man breathing rate of 
2 230 cm /sec and from the air concentrations. For 1 3 7 ~ s ,  75% 
of the inhaled material is assumed to be deposited in the 
critical organ. For the " ~ r ,  239~u, 241~u, and 241~m, 25% of 
the inhaled quantity is assumed to reach the critical organ. 
For a distance of about 10 miles from an eroding salt cake, the 
depositions listed in Table A-5 could be experienced. 
TABLE A-5. Radionuclide Deposition by Inhalation 
(at ~ 1 0  miles) 
Deposition, Maximum Permissible Critical 
Radionuclide pCi Body ~urden(421, pCi Body 
137cs 2 x 10 1 3 x 10 1 Total 
Body 
9 0 ~ r  5 x 10-I 2 Bone 
2 3 9 ~ u  2 4 x lo-2 Bone 
2 4 1 ~ u  3 9 x 10-I Bone 
2 4 1 ~ m  2 5 x Bone 
The exposures for each radionuclide would be less than the 
most restrictive maximum permissible body burden recommended 
by theNationa1 Council on Radiation Protection and Measurement 
for radiation workers. 
The ground deposition activity levels of these radio- 
nuclides in pci/m2 resulting from this exposure was calculated 
by the methods given by Watson (41) and are listed in Table A-6. 
TABLE A-6. Ground Deposition Activity Levels 
Ground Deposition, pCi/m 2 
Distance, 
m 137cs 9osr 2 3 9 ~ u  2 4 1 ~ u  
loL 4 lo4 , 4 lo3 1 1 1 x 10-I 
lo3 1 lo3 1 10 4 x  7 
lo4 1 x 10 1 x 1 0  4 x 1 0 - 3  7 4 x  
lo5 5 5 10-I 1 3 1 
lo6 1 1 3 4 3 x 1 0 - ~  
T h e r e  a r e  a  s e r i e s  of  a c t i o n s  t h a t  a r e  a p p r o p r i a t e  f o r  
v a r i o u s  l e v e l s  o f  g round  d e p o s i t i o n s  of t h e s e  r a d i o n u c l i d e s .  
For  p u r p o s e s  of e s t i m a t i n g  t h e  consequences  o f  t h i s  p o s t u l a t e d  
e v e n t ,  t h e  a c t i v i t y  l e v e l  a t  which v a r i o u s  p o s s i b l e  a c t i o n s  
would be  t a k e n  a r e  summarized i n  T a b l e  A - 7 .  
TABLE A - 7 .  A c t i v i t y  Level  and Corresponding Act ion 
A c t i v i t y  L e v e l ,  
R a d i o n u c l i d e  i i ~  i / n l 2  P o s s i b l e  A c t i o n  
Evacua t e  p e o p l e  
C o n f i s c a t e  c r o p s  
f o r  s e v e r a l  y e a r s  
C o n f i s c a t e  c r o p s  
f o r  one y e a r  
2 0 E v a c u a t e  p e o p l e  
3  C o n f i s c a t e  c r o p s  
f o r  s e v e r a l  y e a r s  
0 . 1  C o n f i s c a t e  c r o p s  
f o r  one y e a r  
2 3 9 ~ u  0 . 1  E v a c u a t e  p e o p l e  
2 4 1 ~ u  2 Evacua t e  p e o p l e  
2 4 1 ~ m  0 . 1  E v a c u a t c  p e o p l e  
The a c t i v i t y  l z v e l s  f o r  2 3 9 ~ u ,  2 4 1 ~ i 1 ,  and 2 4 1 ~ m  r e q u i r i n g  
c o n f i s c a t i o n  of  c r o p s  f o r  one  o r  more y e a r s  a r e  a b o u t  e q u a l  t o ,  
o r  g r e a t e r  t h a n ,  t h o s e  a t  which p e r s o n n e l  e v a c u a t i o n  would b e  
r e q u i r e d .  I f  i t  i s  s a f e  f o r  p e o p l e  t o  l i v e  i n  t h e  a r e a  con -  
t a m i n a t e d  w i t h  t h e s e  r a d i o n u c l i d e s ,  t h e n  i t  w i l l  b e  s a f e  t o  
r a i s e  c r o p s .  
The c o n t r o l  a c t i v i t y  l e v e l s  f o r  137Cs were e s t a b l i s h e d  5. 
c a l c u l a t i n g  t h e  q u a n t i t y  o f  1 3 7 ~ s  u p t a k e  i n  t h e  body from 
v a r i o u s  p a t h  ways.  The t o t a l  body d o s e  e q u i v a l e n t  i s  l i m i t e d  
t o  0 . 3  rem p e r  y e a r  by u s e  of t h e s e  c o n t r o l s .  The d o s e  e q u i v -  
a l e n t  t o  t h e  bone f rom e a t i n g  c r o p s  o r  i n h a l a t i o n  o f  r e s u s p e n s e d  
BNWL- 1194 
r a d i o a c t i v e  m a t e r i a l  i n  a  contaminated  a r e a  w i l l  b e  l i m i t e d  t o  
0 . 3  rem p e r  y e a r  by u s i n g  t h e s e  c o n t r o l s  f o r  t h e  r a d i o n u c l i d e s  
of 9 0 ~ r ,  2 3 9 ~ u ,  2 4 1 ~ u ,  and 2 4 1 ~ m .  
The a c t i v i t y  l e v e l s  and t h e i r  co r respond ing  p o s s i b l e  a c t i o n  
l e v e l s  g i v e n  i n  Tab le  A-7 were found t o  b e  comparable w i t h  
t h o s e  e s t a b l i s h e d  by G u t h r i e  and Nichols  of Oak Ridge N a t i o n a l  
Labora to ry .  (43)  The s i n g l e  v a l u e  a c t i v i t y  l e v e l  g i v e n  h e r e  i s  
u s u a l l y  b r a c k e t e d  by t h e  range  of  v a l u e s  g i v e n  by G u t h r i e  and 
Nicho l s .  I n  t h e  c a s e  of temporary e v a c u a t i o n  of p e o p l e ,  t h e  
v a l u e s  used  i n  t h i s  s t u d y  exceed t h o s e  used by G u t h r i e  and 
Nicho l s  by a  f a c t o r  of  4  and 2 f o r  l Z 7 c s  and ' O S ~ ,  r e s p e c t i v e l y .  
For purposes  of  e s t i m a t i n g  t h e  consequences of a c c i d e n t s ,  t h e  
d i f f e r e n c e s  i n  t h e  c r i t e r i a  a r e  n o t  s i g n i f i c a n t .  In  t h e  e v e n t  
of  an a c c i d e n t ,  t h e  a p p r o p r i a t e  p r o t e c t i v e  a c t i o n s ,  based  on 
measurement and o t h e r  r e l a t e d  i n f o r m a t i o n ,  would b e  d e c i d e d  by 
a u t h o r i t i e s .  
For t h i s  p o s t u l a t e d  e v e n t ,  t h e  d i s t a n c e  r e q u i r i n g  con-  
t r o l l e d  u s e  of l and  l i s t e d  i n  Tab le  A-8 would b e  a p p r o p r i a t e  
a t  t h e  l i s t e d  d i s t a n c e s  downwind from t h e  uncovered s a l t  cake .  
TABLE A-8.  D i s t a n c e  Requ i r ing  C o n t r o l l e d  Use of  Land 
Rad ionuc l ide  D i s t a n c e  over  Which Ac t ion  May be R e q u i w  
Causing Evacuate C o n f i s c a t e  C r o ~ s  C o n f i s c a t e  C r o ~ s  
~ c t i o n "  People f o r  S e v e r a l  y e a r s  f o r  One Year 
1 3 7 ~ s  0 . 3  10 30 
The e x t e r n a l  exposure  r a t e  r e c e i v e d  w h i l e  i n  t h e  a i r b o r n e  
c loud  of 1 3 7 ~ s  i s  shown i n  Tab le  A-9. 
TABLE A-9 .  E x t e r n a l  E x p o s u r e  R a t e  f r o m  A i r b o r n e  C l o u d  
of 1 3 7 ~ s  
D i s t a n c e  From A i r  C o n c e n t r a t i o n ,  Dose R a t e ,  
Source ,  m v ~ i / c m 3  mR/hr 
I o 3  1 1 x 1 0 - I  
l o 4  1 x l o - 6  1 x l o - z  
l o 5  4  x l o m 8  6 x 
l o 6  8  x 10 - 1 1 1 x 1 0 - ~  
The r e s u l t i n g  e x t e r n a l  exposure  r a t e  from a i r b o r n e  1 3 7 ~ s  
f o r  t h i s  even t  has  a  maximum v a l u e  of 0 . 1  mR/hr a t  1000 m from 
t h e  s a l t  cake .  
The exposure  r a t e  from 1 3 7 ~ s  d e p o s i t e d  on t h e  ground i s  
g i v e n  i n  Table  A-10. For c o n s t r u c t i o n  of t h i s  t a b l e ,  a  f a c t o r  
m 
of 11R/hr p e r  ci/mL was used  t o  r e l a t e  ground a c t i v i t y  l e v e l  t o  
exposure  r a t e .  The exposure  r a t e  g i v e n  i s  f o r  a  l o c a t i o n  3  f t  
above a  f l a t  p l a n e  s u r f a c e .  
TABLE A-10 .  E x p o s u r e  R a t e  F r o m  Ground D e p o s i t e d -  1 3 7 ~ s  
D i s t a n c e ,  m Exposure R a t e ,  mR/hr 
l o 3  10 
A P P E N D I X  B 
N U C L E A R  WEAPON C O N S E Q U ~ N C E S  
The 1 3 7 ~ s  and 'OS~ yield of a nuclear weapon may be calcu- 
lated from the total fission yield values of 6.6% for 1 3 7 ~ s  and 
2.2% for "~r. (449451 These yield values are for 2 3 9 ~ ~  fissions 
produced by 2 3 9 ~ u  fission spectrum energy neutrons. The cal- 
culations show that, for each kiloton (kT) of weapon power, 
about 200 Ci of 1 3 7 ~ s  and about 60 Ci of 'OS~ are produced in 
addition to a multitude of shorter half-life materials. For 
surface burst, about one-half of the fission products remain 
suspended in the atmosphere long enough-to appear as delayed 
- - 
fallout. For these conditions, the quantities of 1 3 7 ~ s ,  'Osr. 
and 2 3 9 ~ u  available for early fallout for two weapon sizes are 
summarized in Table B-1. 
TABLE B-1. Radionuclide Inventory in Curies for Early Fallout 
Generated By Total in Early 
Weapons, From Tank Fallout 
Radionuclide 300 kT 3 M T  FarmWaste 300 kT 3 MT 
1 3 7 ~ s  3 lo4 3 lo5 1 lo7 1 lo7 1 lo7 
'Osr 2 lo4 z lo5 1 lo7 1 lo7 1 lo7 
239pu - - - - 7 lo3 7 lo3 7 lo3 
2 4 1 ~ u  - - - - 1 x 10 1 lo4 1 lo4 
'~m 7 x lo2 7 x lo2 7 x lo2 
This presentation is limited to considerations of the con- 
tributions of radionuclide waste storage inventory to a nuclear 
detonation event. The contributions arising from the multitude 
of fission fragments created are considered only with respect 
to their contributions to the predicted external exposure 
rates. Control actions for people and crops due to short half- 
life radioiodine and similar radionuclides produced by the 
d e t o n a t i o n  would be t y p i c a l  of t h e  c o n t r o l  a c t i o n s  r e q u i r e d  f o r  
a  n u c l e a r  weapon d e t o n a t i o n  a t  any l o c a t i o n  and a r e  n o t  unique  
t o  a  d e t o n a t i o n  a t  a  was te  s t o r a g e  a r e a .  
For t h e  t a n k  farm i n v e n t o r i e s  c o n s i d e r e d  h e r e ,  t h e  1 3 7 ~ s  
and ' O S ~  produced by a  300 kT weapon a r e  on ly  abou t  1% of t h e  
t o t a l  q u a n t i t i e s  d i s p e r s e d .  For t h e  3 MT weapon, t h e  weapon 
accoun t s  f o r  abou t  10% of t h e  t o t a l  ' q u a n t i t y  of  1 3 7 ~ s  and ' O S ~  
d i s p e r s e d .  The weapons c o n t r i b u t i o n s  of 
a .- 2 3 9 ~ u  , 2 4 1 ~ u ,  and 
L 4 1 ~ m  have  been n e g l e c t e d  i n  t h i s  p r e s e n t a t i o n .  
Based on t h e  f a l l o u t  p a t t e r n s  c a l c u l a t e d  by t h e  AEC Weapons 
System E v a l u a t i o n  Group and summarized by t h e  Savannah River  
P l a n t ,  (46)  t h e  downwind d i s t a n c e  and t h e  t o t a l  a r e a  covered  by 
c o n c e n t r a t i o n  c o n t o u r s  of i n t e r e s t  f o r  v a r i o u s  wind speed were 
c a l c u l a t e d .  The r e s u l t i n g  c o n c e n t r a t i o n  a r e a s  were t h e n  com- 
pa red  t o  a  s e t  of  a c t i v i t y  l e v e l  a c t i o n  g u i d e s  t o  d e t e r m i n e  t h e  
a r e a s  f o r  which c o n t r o l l e d  u s e  of t h e  l and  would be  r e q u i r e d .  
T a b l e  A-7 gave t h e  a c t i o n s  r e q u i r e d  a t  v a r i o u s  r a d i o n u c l i d e  
a c t i v i t y  l e v e l s  f o r  peace  t ime c o n d i t i o n s .  I n  a  t ime of war ,  
one can r e a s o n a b l y  assume t h a t  t h i s  a c t i v i t y  l e v e l  would be  
r a i s e d  by s e v e r a l  o r d e r s  of magnitude b e f o r e  t h e  i n d i c a t e d  
a c t i o n  would be  t a k e n .  For t h i s  a n a l y s i s ,  a f a c t o r  o f  1 0 0  
i n c r e a s e  over  normal l imi t s  was used t o  d e f i n e  t h e  a c t i v i t y  
l e v e l  p robab ly  r e q u i r i n g  c o n t r o l l e d  u s e  of t h e  l and .  Tab le  B - 2  
g i v e s  t h e  a c t i v i t y  l e v e l  and p o s s i b l e  a c t i o n  r e l a t i o n s h i p s  
used  i n  t h e  f o l l o w i n g  a n a l y s i s .  
TABLE B-2. Assumed A c t i v i t y  Level  and Corresponding P o s s i b l e  
A c t i o n s  Under War Time C o n d i t i o n s  
Rad ionuc l ide  A c t i v i t y  L e v e l ,  p c i / m L  P o s s i b l e  A c t i o n  
1 3 7 ~ s  200,000 Evacuate p e o p l e  
5,000 C o n f i s c a t e  c r o p s  
f o r  s e v e r a l  y e a r s  
1,000 C o n f i s c a t e  c r o p s  
f o r  one y e a r  
'Osr 2,000 Evacuate peop le  
300 C o n f i s c a t e  c r o p s  
f o r  s e v e r a l  y e a r s  
10 C o n f i s c a t e  c r o p s  
f o r  one y e a r  
2 3 9 ~ u  10 Evacuate  peop le  
241pU ( a )  100 Evacuate p e o p l e  
241Am (a) 10 Evacuate p e o p l e  
(a) E s t i m a t e d  b y  c o m p a r i n g  m o s t  r e s t r i c t i v e  maximum 
p e r m i s s i b l e  b o d y  b u r d e n s  w i t h  c o r r e s p o n d i n g  v a l u e s  
f o r  2 3 9 ~ ~ .  
Table  B-3 g i v e s  t h e  d i s t a n c e s  and t h e  t o t a l  a r e a s  t h a t  
cou ld  be s u b j e c t  t o  t h e  s t a t e d  a c t i o n s  f o r  1 3 7 ~ s  f o r  a  300 kT 
weapon. 
TABLE B-3. 13'cs C o n t r o l  Ac t ion  Contours ,  300 kT Weapon 
D i s t a n c e  and Area of P o s s i b l e  A c t i o n  
Wind Speed 
5 m/sec 10 m/sec 
2 D i s t a n c e ,  Area ,  D i s t a n c e ,  Area ,  Contour ,  p C i / m  m i l e s  m i l e s 2  m i l e s  m i l e s 2  
200,000 (10 <10 < l o  (10 
(Evacuate  peop le )  
5000 (10 < l o  < l o  < l o  
( C o n f i s c a t e  c r o p s  
s e v e r a l  y e a r s )  
1000 < 10 <10 <10 (10 
( C o n f i s c a t e  c r o p s  
one y e a r )  
No a r e a s  beyond 10 m i l e s  from t h e  t ank  farm a r e  con tamina ted  
t o  a c t i v i t y  l e v e l s  r e q u i r i n g  c o n t r o l  a c t i o n s  due t o  t h e  p r e s e n c e  
of 13'cs.  
For ' O S ~ ,  Table  B - 4  g i v e s  t h e  d i s t a n c e s  and t h e  t o t a l  
a r e a s  t h a t  could  be s u b j e c t  t o  t h e  a c t i o n s  s t a t e d .  
TABLE B-4. C o n t r o l  A c t i o n  Contours ,  300 kT Weapon 
D i s t a n c e  and Area of P o s s i b l e  Ac t ion  
Wind Speed 
5  m/sec 10 m/sec 
2 D i s t a n c e ,  Area ,  D i s t a n c e ,  Area ,  Contour ,  p C i / m  m i l e s  m i l e s 2  m i l e s  m i l e s 2  
2000 <10 <10 <10 <10 
(Evacuate peop le )  
300 40 300 30 400 
( C o n f i s c a t e  c rops  
s e v e r a l  y e a r s )  
1 0  160 10,000 260 15,000 
( C o n f i s c a t e  c rops  
one y e a r )  
For 2 3 9 ~ ~  and 2 4 1 ~ m  d i s p e r s e d  from t h e  t a n k  farm by a  
300 kT weapon, t h e  d i s t a n c e  and a r e a  contaminated  t o  g r e a t e r  
t h a n  10 p c i / m Z  would be l e s s  t h a n  10 m i l e s  and l e s s  t h a n  
10 s q u a r e  m i l e s ,  r e s p e c t i v e l y .  S i m i l a r l y ,  2 4 1 ~ u  ground a c t i v i t y  
l e v e l s  exceeding 100 pci / rnL would n o t  occur  a t  d i s t a n c e s  exceed-  
i n g  10 m i l e s ,  o r  f o r  a r e a s  exceeding 10 s q u a r e  m i l e s  
A l a r g e r  weapon i s  more l i k e l y  t o  be t y p i c a l  o f  one t h a t  an 
enemy would u s e .  A 3  MT weapon w i l l  be cons idered , .  The t o t a l  
r a d i o n u c l i d e  i n v e n t o r y  a v a i l a b l e  f o r  e a r l y  f a l l o u t  was t a k e n  a s  
t h a t  g i v e n  i n  Table  B - 1 .  Although t h e  i n v e n t o r y  i s  t h e  same a s  
t h a t  c o n s i d e r e d  f o r  t h e  300 kT weapon, t h e  d i s t a n c e s  and a r e a s  
of c o n t r o l  a r e  somewhat d i f f e r e n t  d u e  t o  t h e  i n c r e a s e d  s i z e  of 
t h e  weapon. The 3 MT weapon would c r e a t e  a  c r a t e r  abou t  400 f t  e 
i n  d e p t h  and 1500 f t  i n  d i a m e t e r .  Tab le  B - 5  g i v e s  t h e  d i s t a n c e s  . . 
and t h e  t o t a l  a r e a s  t h a t  could  be s u b j e c t  t o  t h e  a c t i o n  s t a t e d .  
TABLE B-5. 1 3 7 ~ s  Con t ro l  Ac t ion  Contours ,  3 MT Weapon 
D i s t a n c e  and Area of P o s s i b l e  Act ion  
Wind S ~ e e d  
Contour ,  p C i / m  
2 
200,000 
(Evacuate peop le )  
5000 
( C o n f i s c a t e  c r o p s  
s e v e r a l  y e a r s )  
5  m/sec 10 m/sec 
D i s t a n c e ,  Area ,  D i s t a n c e ,  Area ,  
m i l e s  m i l e s 2  m i l e s  m i l e s 2  
1000 <10 <10 < 10 <10 
( C o n f i s c a t e  c r o p s  
one y e a r )  
For t h i s  weapon a l s o ,  no a r e a s  beyond 10 m i l e s  from t h e  
t ank  farm a r e  contaminated  t o  a c t i v i t y  l e v e l s  r e q u i r i n g  con- 
t r o l  a c t i o n  due t o  t h e  p r e s e n c e  of 1 3 7 ~ s .  
For " ~ r ,  Table  B - 6  g i v e s  t h e  d i s t a n c e s  and t h e  t o t a l  
a r e a s  t h a t  cou ld  be  s u b j e c t  t o  t h e  a c t i o n  s t a t e d .  
TABLE B- 6 .  Con t ro l  Ac t ion  Contours ,  3 MT Weapon 
D i s t a n c e  and Area of P o s s i b l e  Ac t ion  
Wind Speed 
5 m/sec 10 m/sec 
2 D i s t a n c e ,  Area ,  D i s t a n c e ,  Area ,  Contour ,  v C i / m  m i l e s  m i l e s 2  m i l e s  m i l e s 2  
2000 < l o  < l o  < l o  <10 
(Evacuate peop le )  
300 40 400 40 300 
( C o n f i s c a t e  c r o p s  
s e v e r a l  y e a r s )  
10 200 15,000 300 20,000 
( C o n f i s c a t e  c r o p s  
one y e a r )  
For 2 3 9 ~ u  and 2 4 1 ~ m  d i s p e r s e d  from t h e  t ank  by a  3  MT 
weapon, t h e  d i s t a n c e  and a r e a  contaminated  t o  g r e a t e r  t h a n  
1 0  p c i / r n 2  would be  l e s s  t h a n  10 m i l e s  and l e s s  t h a n  10 s q u a r e  
m i l e s ,  r e s p e c t i v e l y .  S i m i l a r l y ,  2 4 1 ~ u  ground a c t i v i t y  l e v e l s  
m 
e x c e e d i n g  100 u ~ i / m L  would n o t  o c c u r  a t  d i s t a n c e s  e x c e e d i n g  
10 m i l e s ,  o r  f o r  a r e a s  e x c e e d i n g  10 s q u a r e  m i l e s .  
A l though  t h e  s i z e  of  t h e  weapon w i l l  d e t e r m i n e  t h e  i n i t i a l  
e x p o s u r e  r a t e  v a l u e s  a t  v a r i o u s  d i s t a n c e s  f rom t h e  t a n k  f a r m ,  
t h e  weapon c o n t r i b u t i o n s  t o  t h e  e x p o s u r e  r a t e  decay  r a p i d l y .  
A f t e r  a  few mon ths ,  t h e  weapon c o n t r i b u t i o n s  w i l l  d e c r e a s e  due  
t o  r a d i o a c t i v e  d e c a y  a l o n e  by a  f a c t o r  o f  1 0 , 0 0 0 ,  w h i l e  t h e  
1 3 7 ~ s  c o n t r i b u t i o n s  from t h e  t a n k  fa rm have  n o t  d e c r e a s e d  
s i g n i f i c a n t l y .  ( 4 7 )  For  a  l o c a t i o n  where t h e  e x p o s u r e  r a t e  a t  
1 h r  a f t e r  t h e  weapon b u r s t  was 10 R / h r ,  t h e  e x p o s u r e  r a t e  a t  
60 d a y s  w i l l  b e  a b o u t  1 mR/hr f rom weapon f a l l o u t .  For  t h i s  
s h o r t  t i m e  p e r i o d ,  t h e  1 3 7 ~ s  c o n t r i b u t i o n s  t o  t h e  e x p o s u r e  
r a t e  would . n o t  change  s i g n i f i c a n t l y .  
For  a  downwind l o c a t i o n  some 200 m i l e s  from t h e  t a n k  f a r m ,  
a n  e x p o s u r e  r a t e  o f  3  R/hr may b e  e x p e c t e d  a t  1 2  h r  a f t e r  a - - -  
3  MT weapon b u r s t  f o r  a  wind s p e e d  o f  1 5  mph. The t o t a l  15'cs 
2 d e p o s i t i o n  a t  t h i s  l o c a t i o n  c o u l d  b e  a b o u t  20 p C i / m  . For  1 3 7 ~ s ,  
a n  e x p o s u r e  r a t e  of 11 R/hr  p e r  ci/m2 r e s u l t s  a t  a  h e i g h t  of  
3  f t  above t h e  ground.  Hence, f o r  t h i s  l o c a t i o n ,  t h e  e x p o s u r e  
r a t e  due  t o  t h e  1 3 7 ~ s  from t h e  t a n k  f a rm w i l l  b e  0 . 2  mR/hr. 
The d i f f e r e n t  r a t e s  of  decay  f o r  t h e  weapon f a l l o u t  m a t e r i a l  
and f o r  t h e  1 3 7 ~ s  r e s u l t  i n  t h e  e x p o s u r e  r a t e - t i m e  r e l a t i o n s h i p s  
shown i n  T a b l e  B - 7  f o r  a  downwind l o c a t i o n  200 m i l e s  from t h e  
t a n k  f a rm.  The r a t e s  of  decay  would ,  of  c o u r s e ,  b e  t h e  same 
f o r  any o t h e r  l o c a t i o n .  However, t h e  a b s o l u t e  magn i tude  o f  
t h e  e x p o s u r e  r a t e  would b e  d i f f e r e n t .  
Time 
1 2  h r  
TABLE B-7.  D o s e  R a t e - T i n e  R e l a t i o n s h i p s  
Dose Ra te  Due 
To Weapon 




Dose Rate  Due 
To Tank Farm 
1 3 7 ~ s  F a l l o u t ,  
m R /  h r  
0 .2  
R a t i o :  
Weavons F a l l o u t  ( l S l C s  F a l l o u t  
A t  about  f o u r  months,  t h e  f a l l o u t  exposure  r a t e  from t h e  
weapon j u s t  e q u a l s  t h e  1 3 7 ~ s  f a l l o u t  exposure  r a t e  of  
0.2 mR/hr. By t h e  end of  one y e a r ,  t h e  weapon f a l l o u t  
exposure  r a t e  a t  t h i s  s e l e c t e d  downwind l o c a t i o n  i s  on ly  one-  
t e n t h  of t h e  1 3 7 ~ s  exposure  r a t e  and i s  l e s s  t h a n  t w i c e  t h e  
n a t u r a l  background.  
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